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PREFACE. 



It has long been a reproach Bgainst En^uh lit»- 
niture.that the componlioa of dementaiyaod populu 
works has been left nlmCit exclusively in tbe handa 
of inferior writera, who possess only a geoetal and 
■uperlicial Imowledge of the subjects of which they 
treat The influence of this practice upon the difiii- 
sion of general and correct knowledge ha* been 
deeply fell by those who are desirous of introducing 
a system of education which embraces a wider rang« 
than the ordinary routine of classical instruction. 
The popular writingB of those who acquire a know- 
ledge of science for (he purpose of teachmg it difiet 
in the most essential manner from those of a i^ilo- 
sopher who devotes himself to dte (ask of perspicuoua 
illustration. However Airrect may be the principles, 
and however copious the details of a compiled woric, 
h must always be defective in the selection of ito 
to|Hcs, in tbe cleameM of ita reasoning, in the gen- 
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eralitj of its viem, and in the suitableness of its iHiuc 
tntioDs. A mind like that of Edler, which from 
its infancy has been devoted to the study of Nature, 
selects at once the prominent fealurea of the science 
which it is proposed to ezpkiii ; excludes s^ perplex- 
ing and extraneous facts, and combines under gene- 
ral views ttie important truths which it is the object 
of the pupil to seize and retain. The Justness of 
d^ lemurk cumot fail to be admitted by tboae who 
read the fUIowing Lettetv, which may be ju«% ebu* 
■ctetized as tfas most popular work that ever wm 
written, and as (he productioB of tbe jmifoondest 
philosopher that ever wrot«> 

Edlkh's Letters to a German Princess were Sib,\ 
made known in Kurope by an edition published by 
the Marquis ConnoKCET and M> LicRoix, who eth 
Itched it with a variety of notes, and whose opinion 
of the work for the purposes of public inatructioD 
may be acceptable to the English reader:— 

" The Letterfl of Euur to a German FrtnceaSt*' 
■ays M. CoNiMROBT, "have acquired over all £»• 
rope a cmlebtity m which the repulatioo of ibe A» 
Ihor, the choice and importance of die several suttjeetsi 
aad the cleainess of elucidation justly entitle them. 
They have deservedly been ooneidered as ■ treaauiy 
rfTi— i?e. iiftptei t* tka puipSMM tSnmy oammoa 
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eeminaiy of learning. They may be studied to ad- 
vantage without much previous elementary know- 
ledge ; they convey itccumte ideas respecting a va^ 
riety of objects, highly interestixig in themselves, or 
oakulatid to excite a laudable curiosity ; they inspire 
a proper taste for the sciences, and for that sound 
philosophy which, supported by science, and never 
losing sight of ber cautious, steady, methodical ad- 
vances, runs no risk of perplexing or misleading the 
attentive student" 

The English reader m indebted to the late Rev. 
Dr. Henrt Hunter for the following translation, 
which has gone through two editions. lo this third 
edition the translation has received very essential 
improven>ents. The plates have been re-engraved 
and much improved, and a life of the Author has been 
added, together wilb various notes, which, the editor 
trusts, will he both interesting and useful to the 

Independendy of the great poputarity of this work, 
it possesses a particular interest at the present time, 
in consequence of its containing a popular view of 
the doctrine, that light consists in the undulations of 
an ethereal medium, which is now generally adopledt 
in consequence of recent discoveries in optics. 

EDUfBimiiH, Q3d July, 1883. 
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THE LIFE OF EULER. 



Lkohars Eulbr, one of ths moat distingaiahed 
mathematiciuis of the 18lh century, was the soa of 
Paul Euler, and Ma^aret Brucker, utd waa bom at 
fi&sleonthe 16th of April, 1707. 

His ftlber, who had been inslrocted in n)att»- 
mattes by the cel^raled James Bernoulli, became 
pastor of the village of Riechen, near B&sle, id the 
year 1708 ; and as soon as his son had arrived at the 
proper age, he instilled uto him a fcmdness for 
iDBthematieal learning, although he had destined him 
for, the study of theology. He was afterward sent 
fo the univemly of B^le, where he vas found 
worthy to receive leasons firom John BemouUi, who 
was at diat time regarded as the first mathematiciBn 
in Europe. The assiduity and amiable disposition 
of Euler soon gained him the particular esteem of 
that great master, and the friendship of his two sons, 
Daniel and Nicolas Bernoulli, vba bad already be- 
come thedisciples and the rivals of iheirfatfaer. John 
Bernoulli even condescended to give him once every 
week a particular lesson, for the purpose of explain- 
ing the difficuhiei which he encoiuitared in the oouiaa 
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of his BtudieB. Euler had not the good fortune to 
enjoy long this mestimable advantage. In 1723, be 
received the degree of Master of Arts ; and on this 
occasion he obtained great applause by the Latin 
discourse which be delivered, conlbining a.compari- 
aon between the Newtonian and Cartesian philoso- 
phy. At the requeal of hia father, he now began the 
study of theology ; but his attacbneat to the matbe- 
matica was so strong, that his father at last consented 
to allow him to follow the bent of his owa genius. 

Nicolas and Daniel Bernoulli having, in 1726, 
accepted the invitation of Catherine I. to become 
members of the Academy of Sciences of St Peters- 
burg, promised at their departure to employ theii 
influence to procure for Euler an af^miotment in that 
city. In the following year Ibeyannounced that they 
had a situation in view for him, and strongly advised 
him to apply his mathematical knowledge to physi- 
ology. Euler immediately attended the lectures of 
the most eminent medical professors at B4sle, and 
made rapid progress in the study of medicine. His 
sttentioa, however, was still directed to bis favourite 
pursuits, and be found leisure to compose a disser- 
tatioQ on the Nature and Propagation of Sound, 
«nd another on the Masting of Ships, which was 
written for the prize proposed by the Academy of 
Sciences in 1727. As this subject was actually 
suggested by several members of the academy, widi 
Ae view of bringing into notice the talents of M. 
Bouguer, who had paid particular attention to the 
■ubject, and m4io was then professor of hydrogt^hy 
in die seaport town of Croisic, it was not likely that 




Euler, who was destitate of all practical knowledge 
of nsva] affiiire, ahould have succeeded in the cotn> 
pethioa. Bouguer, of course, carried off the feat 
prize ; but Euler obtained what is called the aeeeuit, 
or second prize, an honour of no trivial magnitude, 
when we consider that he was then only twen^ years 
of age. About this time Euler was a candidate for 
the vacant professorship of natural philosophy in the 
university of B&sle ; but he had not the good fortune 
to be elected. 

Daniel and Nicolas Bernoulli used all their influ- 
ence to procure on appointment for their young 
friend ; and having at last succeeded, they requested 
bim to repair immediately to St. Petersburg. Buler 
lost no time in obeying this welcome summons; but, 
after he bad begun his journey, he bad the mortifi- 
cation to learn that Nicolas Bernoulli had fallen a 
victim to the severity of the climate ; and the very 
^y upon which he entered the Rusatan territOTy 
was that of the death of the Empress Catherine I. ; 
an event which at first threatened the dissolution of 
the academy, of which she had laid the foundation. 
Having reached St. Petersburg at this unfortuoate 
periodi Euler resolved to enter into the Russian 
navy, and had actually received the promise of a 
lieule'nancy, and rapid promotitm, from Adnural Sie- 
vers; but fortunately for geometry, a change todc 
place in the aspect of public a&irs in 1730, and 
Euler obtained the situajfon of Profeaaor of Natural 
Philosophy. In 1733 he succeeded Daniel Ber. 
Doulli, when that illustrious mathematician retired 
into the country ; and in the some year ia m>m«d 
BS 




18 LirE OF EltLSR. 

Madeiiic»BeU« Gaell, a Swim lady, and the daughter 
of a pointer whom Peter the Great had carried into 
Rusaia upon his retuni from his Arat tour. Id IT3G, 
a Toiy intricate problem having been proposed by 
the Academy of SL Petersburg, -Euler completed 
the solution of it in three dap ; but the exertion (rf* 
his mind had been bo violent, that it threw him into & 
fever which endangered his life, and deprived him 
of the use of one of his eyes. In 1738, the Acad- 
emy of Science^at Pari^crowned his memoir, en- 
titled Sur bt JVoftire tt Us ProprUUi du Fea ; and 
in 1740, be divided with Daniel Bernoulli, and our 
countryman Colin Maelaurin, the prize given by the 
same academy for the best dissertati«i on the flux 
and reflux of the sea. Daniel Bernoulli had treated 
the subject with a sagacity and method which char- 
acterized all his labours. The dissertation of Mae- 
laurin contained hia celebrated theorem on the equi- 
librium of elliptical sphercnds ; and that of Euler 
was marked with an improvement on the integral 
calculus, which seemed to resolve the fundamental 
equation of almost all the great problems on the mo- 
tions of the heavenly bodies. 

In consequence of an invitation from the King of 
PruasiB, through hia minister the Count de Mardo- 
field, Euler quitted St Petersburg and went to 
Berlin in the month of June, 1741. Upon his arri- 
val, be was honoured wifli a letter from the king <^ 
Prussia, written from his cajnp at Reichenbach ; and 
be was soon atler presented to the queen-mother, a 
princess who took great pleasure in the conversation 
k£ illuatriouB men. She treated Euler with tho 
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utnHMt Guniliarity ; but never being able to draw hira 
into any conversation but that of tnonosyllaUea, she 
one day asked him why he did nM wieh to apeak to 
bert "Madam," replied Euler, "it ie because I 
have just come from a country where every pei»<w 
who speaks ia hanged." 

The memoirs and works with which Euler enriched 
matbemalics and physics are so extremely numeroua 
that it would occupy many pages to give even the 
imefcst account of them, lo many of bis physical 
memoirs, Euler has been justly reproached for having 
appKed the calculus to the most unfounded physical 
hypotheses, or to metaphysical priaciplea which had 
not t>een sufficiently eramined ; and on this ac- 
count several of his memoirs have no value whatever, 
except in so far as they exhibit fine specimens of 
the resources of analysis. His Dissertations on 
IVindmills, on Achromatic Telescopes, on Naval 
Architecture, and on Gunnery are among the num- 
ber of those which are liable to this.ctitirism. 

When Euler was at Berlin, the Princess of Anhall 
Dessau, the niece of the King of Prussia, was de- 
sirous to receive from him some instruction in the 
different t»iuicbe8 of natural philosophy ; and for 
her use be drew up the present work, which was 
translated into most of the languages of Europe, and 
which has always been much esteemed, particularly 
for the singular perspicui^ with which its author has 
explained some of the moat profound truths in phy- 
sics. The King of Prussia often em[doyed Euler 
in calculalicHu relative to the mint, and other objects 
a tbe conducting of the waters of Sans 
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Soaci, uh] in the examination of canals, and other 
public works. 

In 1744, £uler was sfipobted Director of the' 
Malbematical Claaa of the Academy, and in the Hanie 
fear he obtained the piiz« otTered by the Academy 
of Sciences at Paris for the best work on the theory 
of magnetism. 

About (his time Robin's Treatise on Gunneiy had 
Appeared in England, and thougli our countryman 
had treated Euler with great aeveri^, this act of in> 
justice did not prevent him from recommending it 
to the King of Prussia as the best book on the sub- 
ject He even translated it, and in the additions 
which be made, he gave , a complete theory of the 
motion of projectiles. M. Turgot ordered this work 
to be translated into French, and introduced ,into 
the schools of artillery ; and about the same time 
(here appeared a splendid edition of it in England. 

In 1746, he published his new Theory of Light 
and Colours ; and in 1769, his memoir .Stir let effeia 
du Ronlia tt da Tangage, gained the prize offered 
by the French Academy of Sdences. 

In 1750, Euler went to Frankfort to receive his 
mother, who was then a widow, and to conduct her 
to Berlin, where etie remained till the time of her 
death, in 1761 ; having eiyoyed for eleven yean the 
assiduous attention of a jkvourite son, and the high 
pleasure of seeing him universally esteemed and ad- ^ 

When Euler remained at Berlin, he fanned an 
intimate acquaintance with M. De Maupertuis, the 
learned President of the Prussian Acadeiny »f 







LIFE OF ECLEB. 21 

Sciences, and he defended Maupertuis's celebrated 
and favourite principle of the least action, by resolv- 
ing, by means of if, some of the most difficult pf«b- 
lema in mechamcs. In the dispute into which be 
was thus led with Kcenig. who had attacked Mau- 
peituis in 1761, he lost for a while his usual serenity, 
and became one of the enemies of th^t unfortunala 
individual. 

Although the number of foreign associates in the 
French Academy of Sciences ¥ras limited to ei^t, 
yet Euler was appointed to the ninth place in 1760, 
on the condition that no appointment should take 
place at the first vacancy. 

In the year 1760, the Russian army under Gene- 
ral Tottl^ben penetrated into the March of Branden- 
burg, and pillaged a farm which Euler posseaaed 
near Cbarlottenberg. Aa soon as the Russian gene- 
ral was informed of the event, he immediately re> 
paired the loss by a very la^e sum; and upon 
giving notice of die circumstance to the Empresa 
Elizabeth, she added io this indemnity a present of 
four thousand florins. This act of generoaify, no 
doubt, had a powerful effect in attaching Euler to 
the Russian government, which, in spite of his ab- 
sence, bad always paid him the pension which it 
granted him in 1742. Having received an invita- 
tion from the Empresa Catherine, he obtained per- 
mission from the King of Prussia to return to St. 
Petersburg to spend the remainder of his days ; but 
hia eldest son was not allowed to accompany him. 
When Euler was on the eve of hie departure, Prince 
Czartorisky invited him, in die name of the King oT 




Poland, to take the road of Warsaw, where, loaded 
with kindness, fae spent ten days with Stanislaus, 
v/bo afterward honoured him.with his correspondence. 

Shortly after his arrival in St. Feteisburg^ on the 
171h July, 1766, he lost the si^t of his other eye, 
having been for a considerable time obliged to per- 
fomi hia calculations with large characters, traced 
with chalk upon a slate. His pupils and his chil- 
dren copied his calculations, and wrote all his dw 
moirs, while Euler dictated to them. To one ofhia 
SMTants, who was quite ignorant of matheraatica] 
knowledge, he dictated his Elements of Algebm, a 
work of very great merit, which has been translated 
into English and many other languages. Euler now 
acquired the rare faculty of carrying on in his 
iniad the most complicated analytical and oiithme- 
tical calculations ; and M. d'Alembert, when be saw 
him at Berlin, was astonished at some examples of 
this kind which occurred in their conversation. 
With the design of iostructing his grandchildren in 
(he estrection of roots, he formed a table of the six 
first powers of all numbers, from 1 to 100, and be 
recollected them with tbe utmost accuracy. Two 
of his pupils having computed to the 17th term, a 
complicated converging series, their results dilTered 
one unit in the fiftieth cypher ; and an appeal being 
made to Euler, he went over the calculation in his 
mind, and his decision was found correct. 

His principal amusement, after he lost bis sight, 
was to make artificial loadstones, and to give leasoiu 
on mathematica to one of his grandchildien, who 
Wflmed to evince a taste for the sdence. 
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In 1T71, a dreadlii] fire broke out in St Peters- 
burg, end reached the house of Euler. Pelef 
Grimm, a native of Bilsle, having learned the danger 
in which hie illuatrious countryman was {daced, threw 
himself among the flames, and, reaching £uler's 
apartment, brought bim off on Yiia shoulders, at the 
risk of his life. His library, however, and his fiiini- 
lure were consumed ; but, by the activity of Count 
OHoff, his MSS. were saved. 

Having revised the lunar theory with the aid of his 
son, and Uis colleagues EraHl and Lexell, he con- 
Btructed a set of new lunar tables, which appeared in 
1772. These tables were, at the suggestion of Tur- 
gol, rewarded by the Board of Longitude in France ; 
and when the more perfect tables of Mayer obtained 
the great premium of three thousand pounds ofTered 
by the British parliament, the sum of three hundred 
pound$> was given to £)uler for having fuminhed th« 
theorems made use of by Mayer in his theory. 

In the year 1773, Euler published, at St. Peters- 
bnrg, his great work on the construction and man- 
agement of vessels, A new edition soon afterward 
appeared at Paris, and at the desire of the French 
king it was introduced into the whools of marine, 
and a reward of 1000 rubles transmitted to the 
author, accomparued by a handsome letter from the 
celebrated TurgoL About the same time an Italian, 
an English, and a Russian translation of it appeared, 
and the Russian government presented Euler with a 
gift of 2000 nibles. 

Three of Euler's memoirs on the InequalilieB in 
dM MotKUB of the Planeta, were crowned by th* 
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French Academy of Sciences ; and be also gained 
the prizes of 1770 and 1772, hy his perfection of the 
lunar theory. 

Having lost hia first wife, hy whom he had thit^ 
teen children, eight of whom died in early life, he 
was married a second time, in 1776, to Mademoiselle 
Gsell, the aunt of his first wife. 

Euler underwent the operation of couching, which 
was attended with the happy result of restoring hia 
sight ; but whether from the negUgence of bis sur- 
geon, or from hia being too eager to avail himself of 
hia new <n^ns, he again lost his sight, and suffered 
much severe pain from the relapse. His love for 
science, however, continued unabated, and in the 
course of seven years he transmitted seventy memoirs 
to the Academy of St. Petersburg. On the 7th of 
September, 1783, after having amused himself wid) 
calculabng upon a slate the laws of the ascensional 
motion of balloons, which at that time occupied the 
attention of philosophers, he dined with his relation 
M. Lexell, and spoke of the planet Herschel, and 
of the calculations by which iLi orbit was determined. 
A short time afterward, he was amusing himself wilh 
one oThisgrandcliildren, when, on a sudden, his pipe 
fell from his hand, and he expired of an apoplectic 
stride, in the 79ih year of his age. 

Euler lefl behind him three sons, having lost his 
two daughlera in the Utter years of lus life. Twenty- 
six out of thirty of his grandc^ldren were alive at 
the tune of his death. 

After a long life, so successfully devoted to flie 
arieoces, Eukr'a reputntiDa ww very widtly ex- 
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tended. Besides being a foreign tnMnbs vf &« 
Academy of Sciencu at Paris, be wm m Fellow uf 
the Royal Society of Londw), and be bad leceivad 
ftom nwBt of the princes of the north, with whom 
be was well acquahitedi the ntoet flatlenng marks of 
their esteem. When the Piioce-royal c^ Pnusia 
visited St PetMsburg. be antidpaled the vuit of 
£«der, and passed sereial bouis al tbe bedside of 
this greal atan, bedding him all tho time by the band, 
and twvingt al the same tine, upon his knee <»e of 
Enter's granddiiklren, wbo bad dispEayed a prema- 
ture, attachment to geometry. Tbe death of Eider 
was coraidtred as a public loss even in tbe country 
Kiiere be lived ; and tbe Academy of St Pelenbnrg 
decreed to Um, at their own expense, a marble bust, 
which was placed in their public lulL In an alle- 
gorical picture which the academy had put iq> 
during his life. Geometry was represeMed a^ phced 
upon a basenwnt covered with calculations. These 
cakulations were the fonnukB of Euler'a Theoiy of 
the Lunar Motions. 

Euler's knowledge was not Lmited to mathematics 
and the f^iysical sciences. He had carefully studied 
anatomy, cbymistry, and botany, and he was also 
deeply versed in ancient literature. He coutd repeat 
the £neid from the beginning to tbe end, and he 
could even tell the first and last lines in every page 
of the edition which he used. In one of his worics 
there is a learned memoironaquestiiMiiDmecbanica, 
of whidi, as he himself informs us, a verse of tbe 
£neid gave him the first idea. 

Eulnr pOMMSttd DaturaUy a strong eonstitutioav 
C 




and when we consider the nature oThia studies, and 
the assiduity with wfaich he pursued thatn, we can- 
not fail to be surprised at the great'degree of health 
which he enjojed. In all his b&bita he was sober 
and temperate, — in h)^ maoners unaffected and 
pleasing, — and in his temper lively and cheerftifi hi 
his moral and reli^ue character there is much to- 
admire. The high fiune which he acquired, and the 
intemipticHui which he must have exiKriWced, both 
at 3eriin and St Petenburg, never indueed him to 
abaodpn the religious duties to which he bsd been 
educated. As long as be preserved his sigb^ he 
assembled the whole of his family every evening,' 
and read a chapter of the Bible, wt^h he accompv 
nied with an exhortation. Theology iMs one of hia 
favourite studies, and the doctrines which be held 
were the most rigid doctrines of Calvinism. 

The following is a list of die principal worlu 
wfaich Euler pubbshed in a separate form. His 
papers, v^ch ^>peared b the Memoirs of the Acad- 
emies of Berlin and St. Petersburg, are extremely 
numerous ; and he lefl behind lam no fewer than 
itpo famdred ready for publication, in ordeV to (nlfil 
a promise which he had made to Count Oriolf, to 
supply memoirs for the AeUi PttrojH^ana for twen^ 
years after his death. 

Diuertatio Pkynea <U Sono. Bfisle, 1797. 

Mtekmica, *we moUu teiatlia analyUee expomla, 
PetropoU, 1736, 3 vols. 

Tattttmtn nova thtoria iMHieie. Petnq). 1739. 
This work contains many new views ; bin, as H. 
Fuss remaifcs, it had oo great sncceas, as it cxta- 
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tiijiXi too mudi gemnetiy for muBicwna, and t<^ 
muflh musie fiFr ^ometerB. 

MeAodut Hteettiendi Untat atrvaa mtutnu nun»- 
■Vit pviprielale gaudAila. LausBBaa, 1744, 4Io. 

Inlfpdmctio in JInaJtj*in Injmilorwa. Luissnoe, 
1744, 2 vols. 4h). This work, which had become 
' veiy scarce, was reprinted at hyoaa in 1797. It 
mM traiwl&ted into French in 1 796, by J. B. Labey, 
and publialied at Paris. ■ ^ 

ThtorianulitttmpUmttfiriaKeteomelarvtti. Benv 
lini, 1744. ■ * 

OputeviavariiargwnaUi. Berolmi, 1746, 1760, 
.1761, 3 vols, in 4to. The tables af the bud and 
.moon, which aw soinetiinea to be found ai^iaratel]', 
form port </ the Ist volume of this collection. Aa 
the three volumes make only 600 pagca, they are 
generally found in one. 

Stiailui novalit, feu IraclaiiiM de aitutrvtndii ae 
dirigaidi* navibut. Petropoli, 1749, 3 vole. 4to. 

Theoria moluum Luna exhibent omnet corjiomm 
intquatifalei cum addilamenlo. Berolini, 17S3,4lo. 

Diutrtalio de principia minnna odionu, una 
ewA eimnme obftctiomna CI. Koemgii, contra hoe 
prmeip i am fadoram. Berolini, 17i3, 4to. 

hrtiluUoiut caiaJi difftrenliaiia, etan gtu vtu m 
aaalyti tnjfntfvw"* <k doclrina tttitntm. Berolini, 
1756. Another edition of this work was published 
in 1787, in 3 vols. 4to, snd another at St Peters- 
burg in 1804, in 2 vols. 4to. 

Cotutfvclio tenlium ahjteiiearvm tx dupltct mfro. 
Petrop. 1762. 

Mtiit<Uiont* de^ pertvrbaliont moba comelarvm 
ah attraelioM pUmtianmn mia, ¥e\TOi(. Vt^*^^^- 
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ITtKriAmtOiaeorponmniidorumtmingithnm. 
JloBtachii, 17fi5, 4to. . . 

InatitaiionM CaieuU htt4gralU. • Fetn^ 17C8- 
1770, 3 vols. 41o. Anotfaef ediboo, mote goirtfil, 
mspuMuhed at St. Feteraburg in 1792 sd^ 1794, 
in 4 vols. 4to. ■ 

Du^trica. Petrop. 1769, 1771, 3 vola. 4lo. 

JVoEtr Tabtda Lunoret lingvimi vuikMt» co^ 
atrvebe. Petrop. 1772, Svo. 

Opuicula AwilyUca.; .PeUop. 1783, 1785, 2 
vob. 4to.- * ■ 

Lettra d vne Prineene d^AUtmagn* Mr fucJfUM 
t^tti de Phymtjvt et de PkOoaophU. St Petera- 
buig, IVS, 1772, 3 vola. Svo. Another editioB 
wee publiebed st Berne in 1776, in % vols. Svo. 
Another edition was published al Paiis with notes hj 
Gondorcet, and another in 1812, by J. B. Lobey. 

EloMog ^Algil»rt,tnd.3e I'AtUuiauttt par J.Ber- 
noulli, ftvec des notes pw Lagnnge et Gamier. 
Pacia, 1807, 2 vola. Svo. Two editions of this woHc 
were published at Lyons in 1774 and 1796, and an 
edition an)eared m London translated into English. 

Thtorit eofupttte de la conMrvcHon el d* la bw- 
nativre de* taiiieaax (le s^le retouch^ par Eeralio). 
Paris, 1776, 8vo. The original edition of ttua woik 
appeared al Sl Petersburg in 1773. 

A collection of the best productrons of Euler 
Bppe«red at^Brienne in 1797, in IS volumes. 

A more extended list i^the writii^s of thia lUu^ 
IriouB malbematicisn will be found in hie Eulogfi by 
Nicholas Puss, which was published at Sl Peters 
burg, in 1783, in 4to. 
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LETTER I. 

0/ itagmtuJe, or Etlauion. 

Tm hope of havins th« hononr to commanicate 
in person to your highneu my lessons in ^ometry 
becoming more and more distant, which is a very 
Mnsible mortification to me, I feel myself impelled 
to supply personal instruction by writing, as fa*, aa 
the nature of the subjects will permit. 

I begin my attempt by assisting yon to form a just 
idea of Magmiude; producing, as eiamples, the 
amallest as well as the greatest extensions of matter 
•ctiiaUy discoverable In the sjrstem of the universe. 
And, first, it is necessary to lix on some one deter- 
minate division of measure, obvious to the senses, 
and fff which we have an exact idea, that of a foot, 
for instance. The quantity of this once established, 
and rendered familiar to the eye, will enable us to 
form the idea of every other ouantity as to length, 
great or small ; the former, by ascertaining how 
many feet it contains, and the latter, by ascertaining 
iriiat part of » foot measures it. For harips the idnm. 
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of 9 foot, yra have that also of its half, of its juM'ler, 
of ita tteelflh part, denominnteil an inch, of its hun- 
dredth, and or its thmumUth part, which is so small 
as almost to escupe the sit^ht. But i\ is Is be re- 
marked, that there are aqimals not of ^^reater exten^' 
sion than this last subdivisfbn of a foot, which, how- 
ever, are composed of members tlirough which the 
blood circulates, and which acain contain other ani- 
mah, as diminutive compared to them as th0y are 
compared to us. Hence it may be concluded, that 
animals exist whose smallness eludes the imagina- 
tion : and that these again are divisible into parts 
inconceivably smaller. Thus, for example, thoiuh 
the ten thousandth part of a foot be too small ibr 
light, and, comnared to us, ceases to be an object of 
sense, it neverttieless surpasses in magnitude certain 
complete animals, and must to one of those animals, 
were it endowed with the power of perception, 
appear extremely great. 

Let us now make the transition from these minute 
quantities, in purwtiog which the mind is lost, lo 
toose of the greatest magnitude. You b^ve the ides 
of a mile ; the distance from hence to Magdeburg is 
computed to be 83 English miles; a mile cout^os 
53^ feet, and we employ it in measuring the distance 
of the diflerent regions of the globe, in order to avoid 



is said that Magdeburg is 83 mileB from Berlin, tb« 
idea is much clearer than if the distance of tliew 
two cities were said to be 438,340 feet : a number so 
great almost overwhelms the understanding. Again, 
we shall have « tolerably just idea of the magnitude 
of the earth, when we are told that its circumfereaoe 
is about S&,0^0 miles. And the diameter being ■ 
straight line piissing through the centri), and termi- 
nating in opposite directions, in the surface of Ibe 
ivfaera, wliuais the acknowledged Bgaxe of tb» wtb. 
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fl»r which resaon alio we gite it the aama of gtoie— 
the diameter of this gioie is calculated to be TOH 
milea; and this ia the measurement which we employ 
for determining the greatest distanceR diacoveraUe 
in the heavena. Of all the heavenly bodiea the 
Moon is nearest to us, bein^ distanl only about 30 
diameters of^ the earth, which amount to 340,000 
miles, or 1,338,400,000 feet ; but the first computation 
of 30 diameters of the earth is the clearest idea. 
The Sun is about 400 times farther from us than the 
moon, and when we say his distance is 13,000 diame- 
ters of the earth, we have a much clearer idea Uian 
if it were expressed in miles or in feet. 

You know that the earth performi a revolutioa 
round the sun iu the apace (UT a year, but that the 
sun remains fixed. Besides the EartA, then are ten 
other similar bodies, named planets, which reTolve 
round the sun ; two of them at smaller distances, 
Mercury and 7«nu> ; and eight at greater dlatanees, 
nunely. Mart, Cera, PaUas, Juno, Viita, JufrHe*(i' 
Saturn, and the Oeorgiwn Siduj. All the other«tdA 
which we see, comets excepted, are called Rxefl; 
and their distance from us is incomparably ffreaier 
than that of the sun. Their distances are undoubt- 
edly very unequal, which is the reason that some of 
these bodies appear greater than others. But the 
neareat of them n, unquestitHiably, above SOOO times 
more distant than the snn : ita distwic* ttoia us, 
accordingly, exceeds 45,000,000 of times the earth's 
diameter, that is, 366,060,000,000 miles i and thia 
af^n, multiplied by 63S0, will give that wodigioos 
distance expressed in feet. And this, after all, is 
the distance only of those fixed stars which are the 
nearest to us ; — the most remote which we see.are 
perhaps a hundred limes farther off.* It is probable, 
U the same time, that sll these stars taken together 
constitate only a very small part of the wh<de unl- 
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Tcne, rel!ittvel]> to which these prodigious distances 
are Dot frreater than a grain of sand compared to the 
earth. This immensity is the work of the Almighty, 
who governs the greatest bodies and the smallest. 
BeHin, 19(A Apnl, ITOa 

LETTER n. 

• Of VdaeUy. 

FLiTTTHtHo mrself that your highness may be 
pleased to accept the continuation of my instructions, 
a specimen of which I took the liberty of presenting 
to you in 3 former letter, 1 proceed to unfold the idea 
of velocity, which is a particular species of exten- 
sion, and susceptible of increase and of diminution. 
When any sub^nce ta transported, that is, when it 
passes from one place lo another, we ascribe to it a 
velocity. Let two persons, the one on horseback, 
the other on fool, proceed from Berlin to Magdeburg, 
we have, in both cases, the idea of a certain velocity ; 
but it will be immediately affirmed, that the velocity 
of the former exceeds that of the latter. The ques- 
tion then is, Wherein consists the dilTerence which 
we observe between these several degrees of vo. 
locity < The road is the same to him who rides and 
to him who walks ; biit the difference evidently lies 



greater of the two, as he employs less time on the 
road Jtom Berlin to Magdeburg ; and the velocity of 
the other is less, because he employs more time in 
travelling the same distance. Hence it is clear, that 
in order to form an accurate idea of velocity, we 
must attend at once to two kinds of quantity — 
namely, to the length of the road, and to the time 

. employed. A body, therefore, which in the same 
time passes through double the apace which another 

jMdf does, baa double its velocity i if in the same 
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tinie it pHses tbnmgh thrice the^itance, it is said 
to have thrice the velAeity, and bo od. We sUall 
comprehend, then, the velocity of a body, when we 
are informed of the space through whicK it paasos 
is a-certain quantity of tima. In older to kijow the 
velocity of raf pace, irhen 1 walk to Lytaow (libout 
a league fTom Berlin), 1 have oinerved that I make 
ISO steps in a minute, and one of my steps is equal 
to two feet and a half. My velpcity, then, is such 
as to carry me 300 'feet tn a minute, and a space SG 
times greater, or 1B,DOO feet in an hour. Were I, 
therefore, to walk Rrom hence to Hagdebu^,itwouIil 
take exactly 34 hours. This conveys an accurate 
idea of the vAocity with which I am able to walk. 
Now it is easy to compt^end what is meyt by a 
greater or less velocity. For if a courier were to go 
from hence to Magdeburg in 19 hours, his velocity 
woald be the double of mine ; if he went in eight 
hours, his velocity would be triple. We remark a 
very greaMifference in the degTe«B of velocity. The 
tortoise furnishes an example of a velocity extremelji 
small. If she advances only one foot m a minute, 
bet velocitv is 300 times lees than mine, for 1 ad- 
vice 300 teet in the same time. We ue Ukewiw 
acquainted with velocities much greater. That ot 
the wind admits of great variation. A moderate 
wind goes at the rale of 10 feet in a second, or 600 
feet in a minute ; its velocity therefore is the double 
of mine. A wind that nine 30 feet in a second, or 
1300 in a minute, is rather strong ; and a wind which 
flies at the rate of 60 feet in a second is extremely 
violent, thougfi its velocity is onlv ten timea greater 
than mine, and would take two nours and twenty- 
four minutes to blow from hence to Magdeburg.* 

The velocity of sound comea next, wiudi morea 
1149 feet in a second, and e8,S30 in a minute. Thi« 
velocity, therefore, is 338 times greater than that of 

* ntiMl*^aflb*TalKUToriiliidlil»Unr. Attiftnai^Vl 
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my pace; and wwe a cannon to be fired at. Magde- 
burg, if the report could be-heard «t Berlin, it would 
arrive there in seven minutes. A cannon-ball mo«ea 
wiUi nearly the same velocity; but when the piece 
is loaded to ibe utmost, the ball is supposed capable 
of flylnir 2000 feet in a secorf^ or 13*^)00 in a mi- 
nute. This velocity appears prodigioito, though it 
is only 400 times ^ater than that of my pace in 
walking- to Lytzow ; it is at the same time the great- 
est velocity known upon eAth. But there«re in the 
heavens velocities far j^ater, though their motion 
appears to be extremely deliberate. Yo'a know that 
die earth turns round on its axis in 24 hours ; evetj 
jM>int of M surface, then, under the equator, move^ 
95,020 Bnglish miles in 24 hours, while I am able to 
get- through only 83 miles, lis velocity is accord- 
ingly above 300 times greater than mine, and teas 
not with BtandinE than the greatest possible velocity 
of a cannon-ball. The earth performs its revolution 
round the sun in the space of a year, proceeding at 
the rate of 589,930 ^nglish miles in 24 hoars. Its 
velocity, therefore, is 18 times more rapid than that 
of a cannon-ball. The greatest velocity of whicli 
we have any knowled^ is tindO)jbtedly that of light, 
which moves 13,000,000 English miles every minuft, 
and exceeds the velocity of a caimon-ball 400,000 

S24 April, 1760. 



LETTER m. 

Of Sound, and its VelocUj/. 

Thi elucidations of the different degrees of vela- 
city, which 1 have had the honour to lay before you, 
carry me forward tb the examination of sound, or 
noise in general. It niuet be remarked, that a cer- 
tain jMrtion of time always intervenes before sound 
au> reach our ears, and that this time is longer in 
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pTDpartloH to our distance from tte pl&ce where the 
aonndispiodumd; a iiecobd of tiiR« being requisite 
-tO'OOnvey sound 1143 feel. 
' When a cannon is fired, those who are at a di» 
tancedo not hear the report for some lime aJt^r they 
have seen th^fiash. Those who are about (ivamiles 
off, or 2fl,40(rreet distant,.^ not tieaf the reporttill 
3| seconds after they see the ^ash. Von mus'dO 
dbnCt have freiiueDtly remarked, that the noise of 
thuoder does not'reach tile ear for some time after 
* the lightnijKi and'it is by ^is we are enaHM to 
. calculate our distance from the place where the 
lliander is general4'd. If, fot example, we observB 
that 30 seconds intervene between the BAat and the 
Ihunder-clap, wetnay conclude that the seaiof the' 
thunder, is 33,S40 feefdiatant, allowmg 1142 feet of 
^Btancif Toe every second^f time. This primary 
property leads us to intjuire in what sound consists. 
Whether its natur^is similar to that of smell — that 
is, whethar sound issues from the ^f^y which pro- 
doces it, as smell Is emittedj'rctin tlje flower, by fill- 
ins the air with subtile exnalntions, calculated to 
affect our sense of smelliag. This opinion was for- 
iqerly entertained ;.but R^ now demoosiraled, that 
from a bell stnich nothing proceeds that ia conveyed 
to our ear, and that the body which produces sound 
loses no part of its substance. When we look upon 
B bell that is struck, or the string of an Instrument 
when touched, we perceive that these bodies are then 
in a s&te of trembling, or agitation, by wliich all 
their parts are affected ; and that all bodies sucepti- 
ble of such an agitation of their parts likewise pro- 
duce sound. These shakings or vibrations are visi- 
ble in the string of an instrument when it ia not 
too small ; the tense string j^ j 

A C B passes alternatively *» _£:— 1 
into the situation of A H B ai 
A N B-, Pigyi'-in uJUcA 
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mueh. mort obeioumio frae than they art in fact. B 
inuM be observed; that these Tibrations put the adja, 
cent air into a similar vibration, whicn is sacc«s-- 
a*iti communicated to the more remote puta of 
the Bir, Sll it eome at length to atrike our organ of 
hearii%- It ia.the air, then,Vhich receives these 
vibrations, and whibh tramniitsthe soudd to our ear. 
Hence it is evident/that the perception of eonnd j^ 
nothing else but the impression jnadc on onr eaHiy 
the cpncnssion of 'the air, comftumicatcd to us 
ttiTOufh the organ of bearing; and whtn we hear 
the sound of a string toncherf, our ear receives from . 
the air aa many stroke aa the string perTonna T»i 
brations in the aaihe time. Thas, if ine string per- 
forms (00 vibrations in a second, the ear Irkewiafe 
receives 100 strokes in the saftie time ; an^ the per- 
ception of these stroke* ia what we cal> sound. 
WTien these strokes succeed each Other uniformly, 
• or when their inten-als are all ^qual, the sound is 
regular, and sucb as is requisite to music. '*BDt when 
the strokes succeed un^ually, or when the^' inter- 
vals are unequal among themselves, an irregular 
noise, incompatible with jnusic, is the result. On 
considering somewhat morfe attentively the mnsic^ 
sounds, whose vibrations take place equally, I remark 
first, that when the vibrations, as well as the strokes 
impressed on the ear are mor« ax less strong:, nn 
other difference of sound results from it but that of 
stronger or weaker, which produces the dtsttnctioa 
termed by musicians, /iwfe ttpiimo. But th'ere is a 
difference much more essential when the vibrations 
are more or lem rapid — that is, when more or fewer 
of them are performed in a second. When one 
string makes 100 vibrations ina second, and another 
String makes 900 v^i^tions in the ssme time, their 
sounds are easentttuy 'different ; the former is lower 
or more flat, and the other higher or more sharp. 
Such t* the real dilTerence betiPeeti the flai and 
abtop soiuida, on which all mane Im^es, and whi<^ 
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tMiches how to combine sounds diFTerent in respect 
of flatness and sharpnesB^but ia such a iDannei as to 
produce an agreeable harmony. In the flat sounds 
there are fewei vibrations in the same time than in 
the sharp sounds ; and every key of the haQisichotd 
contains a certain and determinate number of vibra- 
tions which are completed in a 8ec6r>d. Thus, the 
loie marked by the letter C makes nearly lOO vi- 
brations in a second, and the ngte marked f makes 
1600 vibrations in the same space of time. A string 
which vibrates 100 times in a Second will give pre- 
cisely the note C ; and if it vibrated oidy bO times, 
the note would be lower or more flat. But with re- 
gard to our ear, there nre certain limits beyond 
which sound is no longer perceptible. It would 
fqipear that we are incapable of determining either 
the sound of a string which makes less than 3D vi- 
brations in a second, because it is too low ; or tfaM 
of a string which would make more than 7&59 in a 
second. bKause such a note would be too high.* 
36M Aprii, ITdU. 



Of CoTuonaaee and Dittonance. 

I »sDMc my remark, that on hearing a eimple 
musical sound, our ear is struck with a series of 
strokes' equally distant from each other, the frS' 
quency and number of which, in a given space of 
time, cooatiluie the difference which subsists be- 
tween low notes and high ; so that the smaller the 
number of vibrations or strokes produced in a given 
time, say a second, the lowej we estimate that 
note ; and the greater the ounlter of 8u;;h Tibr»- 

•sf* ■• (IH nwllim odiilaUiiiac* w UMor ■Unata.— Ah. lUdLV. 
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tions, the higher is the note. The perception of a 
simple musical souD^ niay, therefore, be compared 
to a series of dote eqaidistant liom each other, as 

If the intervals between these dots be 

greater or smaller, the sound produced will be lower 
or higher. It cannot be doubted, that the perception- 
of a simple sound is somewhat simitar or anakvous 
to the sight of such a series of dots equidistant from 
each other : we are enabled thus to represent to the 
eye what the ear perceives on hearing sound. If 
the distances between the dots were not equal, or 
were these dots scattered about confusedly, they 
would be a representation of a confused noise, In- 
consiatent with harmony. This being laid down, let 
us consider what effect two sounds emitted at once 
must produce on the ear. First, it is evident, that if 
two sounds are equal, or if each performs the same 
number of vibrations in the same time, the ear will 
be affected in the very same manner as by a single 
note ; and in music these two notes are said to be 
in unison, which is the simplest accord: we mean 
by Uie term accord the blending of two or more 
sounds beard at once. But if two sounds differ in 
respect of tow and high, we shall perceive a mix- 
ture of two series of strokes, in each Of which the 
intervals are equal among themselves, but greater 
in the one than in the other ; the greater intervals 
corresponding to the lower not«, and the Knaller to 
the higher. This mixture, or this accord of two 
notes, may be represented to the eye by two series 
of dots arranged on two lines A B and C D : 
1 S 3 4 G B 7 8 9 10 'II 



1 3 3 4 5 6 7 8 9 10 11 13 
aid in order to form a just idea of these two series, 
we must have a clear perception of the order which 
subsists among them ; or, in other words, of the re~ 
Jatioo between the intervals of the one line and of the 
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oiher. Haviog numbered and marked the dots of 
each line, and placed No. 1 under No, i, those 
■narked with the figure 3 will not exactly correspoDd, 
and still less those marked 3: but we find mt. 11 
exactly over No. 13 ; from which we discover that 
the higher note raakes 13 vibrations, and the other 
ouly 11. If we had not aiRxed the figures, the eve 
would hardly have perceived this order; it is tne 
same with the ear, which would with much difficulty 
have traced it in the two notes which I have repre- 
sented by two rows of dots. But in the following 



yon discover at the fint dance that the upper line 
contains twice as many dote as the under, or that 
the intervals in the under line are twice as great aa 
those of the upper. This is undoubtedly, next to 
iinison, the simplest of ail cases in which yon can 
at once discover the order which subsists between 
these two series of dots ; and the same thing holds 
with respect to the two notes represented by these 
two lines of dolaj the number of vibrations con- 
tained in the one-will be precisely the double of the 
vibrations contained in the other, and the ear will 
easily perceive the pleasing relation of those two 
sounds : whereas, in the preceding case, it was ex- 
tremely difficult, if not impossible, to discriminate. 
When the ear readily discovers the relation subsist- 
ing between two notes, their accord is denominated 
eoiuonaaee; and if it be very difficult, or even im- 
possible to catch this relation, the accord is termed 
ditsonanee. The simplest consonance, then, is that 
in which the high note produces precisely twice as 
many vibrations as the low note. This consonance, 
in the language of music, is called oetaee — every ens 
knows what it means ; and imo notes which differ 
precisely an octave harmonize so perfectly, and 
possess such a complete resemblance, that musicians 
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fnark tliem by the same letters. Hence it is that in 
cbureh-music the women sing an octavo higher thaii 
the men, and yet imagine they are uttering the same 
sounds. You may easily ascertain the tnilli of this 
by touching the lieys or a harpsichord, when you 
will perceive with pleasure the delightful accord of 
all the notes which are just an octave distant; 
whereas any other two notes wliatever will strike 
the ear less agreeably. 
39lk April, 17flO. 



Of VnUim and Octane: 

Yochave by this time remarked, that the accord 
which musicians call an oclave strikes the ear in a 
manner so derided, that the slightest devinlion is' 
easily perceptible. Thus, having touched the key 
marked F, that msrked f, which is an octave higher, 
is easily attuned to it, bv the judgment of the ear 
only. If the string which is to produce this note he 
ever so little too hi^b or too low, the ear is instantly 
olTended; and nothmg is easier than to put the two 
keys perfectly in tune. Thus we observe, that in 
singii^ the voice slides easily from one note to an- 
other, which is just an octave higher or lower. But 
were it required to pass immediately from the note 
F to the note d, for example, an ordinary singer 
might easily fall into a mistake, unless assisted by 
an instrument. Having fixed the note F, it is almost 
impossible all at once to make the transition to the 
Doto d. What then is the reason of this difference, 
that it is so easy to make note f harmonize with 
note F, and so difficult to make note d nccord with 
iti TTie reason is evident from the remarks already 
made; It is this, that note F and note f make an 
octare, and that the number of vibrations of note f 
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is precisely double that of note F. In mder to have 
the perception of this accord, you have only to con- 
sider the proportion of one to two, which, as it in- 
stantly strikes the eye by the representation of the 
dots 1 formerly employed, affects the ear in a similar 
manner. You will easily comprehend, then, that 
the more simple any proportion is, or expressed by 
small numbers, the more distinctly it presents itseli 
to the understanding, and conveys to it a sentiment 
of satisfaction. Architects likewise carefully attend 
to this maxim, as they uniformly employ m their 
works proportions as^ simple as circumstances per- 
mit. They usually make the height of doors and 
windows double the breadth, and endeavour to em* 
ploy throughout proportions capable of being ei- 
preased by small numbers, because this is omrious 
anil grateful to the understanding. The same thing 
holds good in music : accords are pleasing only in 
so far as the mind perceives the relation subsisting 
between the sounds ; and this relation is so much 
more easily perceptible as it is expressed by small 
numbers. Now, next to the relation of equality, 
which denote two sounds In unisa^ the ratio of 
two to one is undoubtedly the moat snnple, and it is 
this which furnishes the accord of an octave: hence 
it is evident, that this accord possesses manjr adran- 
tages above every other consonance. Havtog ihos 
explained the accord, or interval of two notes de- 
nominated by musicians an octave, let us consider 
several notes, as F, f, ■[ ^ f , each of which is an oc- 
tave higher 

since (hen tl ... 

from ? of ? from ^ is an octave, the interval of P 
to 7 will be a double octave, that of F to 7 a triple 
octave, andthat of F to ^ a quadruple octave. Now, 
while note F makes one vibration, note f makes 
two, note r makes four, note =; makes eight, and 
note ^ makes sixteen : hence we see, that as an oc- 
tave corresponds in the relaUon «t WQ^i^ift-S^* 
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octave most be in the ratio of I to 4, a triffle in tliat 
of 1 lo 8, and a quadruple in that of 1 to 16. And 
the ratio of 1 lo 4 not being so simple as that of 1 
to 3, for it does not bo readily strike the eye, a dou- 
ble octave is not so easily' perceptible to the ear as 
a single ; a triple is still less perceptible, and a quad- 
tuple still much leas so. When, thcrefore,.in toning 
a harpsichord, you have fixed the note F, it is not so 
«3sy to attune the double octave 7 as the single f ; 
it is still niore dtillcult to attune the triple octave ^ 
and thequadiuple \ without rising through the inter- 
mediate octaves. These acotfrds are likewise com- 
prehended in^tie term consonance; and as that of 
UDiBOQia most simple, they maybe arranged accord- 
ing to the following gradations : — 

I. D<«m, itnlMm. Mlntti Kt tlH nluton of Hg I. 



are the accords denominated c 
knowledge of which we have been thus far cod- 
ducted ; but hitherto we know nothing of the other 
species of conaontuice, and still less of the disso- 
nances employed io music. Before 1 proceed to the 
«xplaiiatian of these, I must add one remark respect- 
ing the name octave, given to the interval of two 
notes, the one of which contains twice the vibrations 
contained in the other. You see the reason of it in 
the principal stops of the harpsichord, which rise by 
seven degrees before you amve at the octave C, D, 
E, F, G, A, B, c, so that stop c is the eighth, reck- 
oning C the first. And this division depends on a 
certoio series of musical intervals, the nature of 
which shall be unfolded in the following Letten. 
3J May, I7B0. 
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OJ other Conaananccl. 

It mav be aflimied, that the relations of 1 to 2, of 
I to 4, of 1 to 8, of 1 to IS, which we have hitherto 
conaidered, and which contain the progTesaJon of 
octavea, are all formed by the number 9 only ; since 
4 is S times S ; B, 2 times 4 ; 16, 3 times 8. Were 
we to admit, therefore, the number S alone into 
music, we should arrive at the knyvled|;e of onlv 
the accords or consonances, which musicians call 
the single, double, or triple octave ; and as the num- 
ber 2, by its redublicatioa, furnishes only the num- 
bers 4, 9, 16, 33, 64, the one being- always double tha 
S receding, all other numbers would remain unknown. 
low, did an instrument contain octaves only, as the 
notea marked C, c, j t ^ and were all others ex- 
cluded, it coidd not produce an agreeable music, on ac- 
count of ita too great simplicity. Let us introduce, 
then, together with number 2, the number 3 like- 
wise, ana observe what accords or consonances would 
be the result. The ratio of 1 to 3 presents at once 
t#o sounds, the one of which makes 3 times more 
vibrations than the 6ther In the same time. This 
ratio is undoubtedly the most easily to be compre- 
hended, next to that of 1 to 2 ; it will, accordingly, 
furnish very pleasing consonances, but of a nature 
totally ditferent from that of octaves. Let us sup- 
pose, then, that in the proportion of 1 to 3, number 
1 corresponds to note C ; ainca note c is expressed 
by number 2, number 3 gives a sound higher than 
c, but at the same time lower than note 1, which cor- 
responds to number 4. Now, the note expressed by 
3 is that to which musicians aflix the letter g, and 
they denominate the interval from cto gi a jij'iK, be- 
cause in the ioyt of a haipaudiDti. l^aV eft %'^ ''^^ 
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nt . _ ,__ 

_.._ = ; number 

3 gives g, number 4 the note 1 ; and note T being- 
the octave of g, the number corresponding to it wiU 
be 2 times 3, or 6. Rising still an octave, the sound 
1 will correspond to a number twice greater, that is 
13. Ail the notes with which the two numbers 3 
and 3 furnish us, indicating note C by 1 , therefore, an, 
C. c, g, -c 1 t t t 
1, 2, 3, 4, e, B, IS, IQ. 
Hence it is clear, that the ratio of 1 to 3 expresses 
an interval compounded of an octave and a fifth; 
aiul that this ii^erval, on account of the simplicit]' of 
the numbers vffich represent it, must be, next to the 
octave, the moat grateful to ihe ear. Musicians 
accordingly aBsign the second rank among conso- 
nances to the fifth : and the ear catches it so easily, 
that there is no difficulty in tuning a fifth. For this 
reason, in violins, the four strings rise by fifths, the 
lowest being g, the second 7, the third >, and the 
fourth " ;' and every musician puts them in tune by 
the ear only. A fifth, however, is not so easily 
ttmed as an octave ; but the fifth above the octave, 
as from C to g, being expressed by the proportion of 
1 to 3, Is more perceptible than a. simple fifth, as 
from C to G, or from c to g, which is expressed by 
the proportion of 2 to 3 : and. it is likewise known 
by experience, that, having fixed the note C, it is 
easier to attune to it the higher fifth g than the sim- 
ple G. If unity had marked the note F, number 3 
would mark the note ■; , so that 
F, f, ^ 1 '^ "J, E would be marked by 
I, S, 3, 4, 6, B, 12, where, from f to 7 the interval 
is a fifth, in the relation of S to 3 ; from 7 to = from 
1 to I are also Snhs, as the ratio of 4 to 6, and of S 
to 18, is the same as that of 8 to 3, For if two 
Knngs perform, in the same time, the one 4 vibrv* 
tiODS, the Other 6, the former string will make, in a 

■ nu ii, la Ih« Inpif* «r Nl;^ilDl, H, n, u, ■!. 
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time eqne] to half the firnt space of lime, two vibra- 
tions ; and the second, in the same time, will make 
three. Now the aoundH emitted from tbeee strings 
are the same in both cases ; of consequence, the re- 
lation of 4 to 6 expresses. the same interral as that 
pf 9 to 3, that is, a fiflh. Hence we have arrived at 
the knowledge of another interval contained in the 
ratio of 3 to 4. which is that of r to 7; and conse- 
<)uently also, of c to f, or of C to F. Musicians call 
it St fourth; and being expressed by greater numbers, 
it ia not so agreeable, by a great deal, as the finh, 
and still less so than the octave. Number 3 having 
furnished us new accords or conaonpices, namely, 
the fifth and the fourth, before we call in anv others, 
let ns take it again three times, in order to have the 
number 9, which will give a higher note than note 
3, or -c one octave and one fifth. Now, ", is the oc- 
tave of 7, and ; the fifth of ? ; number 9 then gives 
the note ;, so that X\1 |wi]| be marked by 

fl,8, 0, 13; and if these notea be 
taken in the lower octaves, the relations remaining 
the same, we shall have, 

C,F, G; c, f, g; c, ?. g; I, I g; c, 

6, 8, 9; 13, le, 18; 34, 33, 36; 48, ft4, 73; 96; 
which leads us to the knowledge of new intervals. 

Tlie first is that of F to G, contained in the ratio 
of 8 to 0, which musicians call a tecond, or ton«. 
The second is that of G to f, contained in the ratio 
of to Id, called a teeenlh ,' and which is one second, • 
or one tone less than an octave. These proportions, 
being already expressed by very great numoera, ere 
not reckoned among the consonances ; and muai- 
cians call them disionancei or dUcordi. 

Again, if we take three limes the number S, or 
37, it will mark a tone higher than t , and precisely a 
flftb higher than g; it will be accordingly the tone?, 
and its octavo i will correspond to twice the mmi- 
ber 37, or M, and its double, octave \ ^a \.'«\c« "CNb 
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D, F, G; c, d, f, g; c, d, ?, 
24, 37, 39, 36; 48, S4,_64, 7B; 9e, 108,198, 

g; c, 3, f, g; c. 
144; 193, 319, 356, 388i 384. 

Hence we see, that the interval from D to F is 
contained in the ratio 37 to 33, and that of F to d in 
the ratio of 33 to 54,. the two terms of which are 
divisible by 3 ; and then, in place of this relation, 
we have thatof l6to37. The first interval is called 
a (Kret minor, or letter third, and the other a greater 
tixih. The number 37 might be still further multi- 

Elied by 3 ; but music extends not so far, and we 
rait ourselves to ntunber 37, resulting froia 3 mul* 
tipUed three times by itself ; othermusical tones still 
wanting are introduced by means of number 5, and 
ehall be explained in my next Letter. 
3d May, 1760. 



Of Me TaelM. Tone* of tAt Harptichord. 

Thb present subject of my corregpondence with 
your highness is so dry, that I begin to apprehend it 
may be growing tiresome. That I may not waste 
' too much time on it, and be relieved from the neces- 
sity of recurring frequently to a topic so nnintereat- 
■ng, I send you by this conveyance three Letters at 
once. My intention in underiaXing it was to render 
visible the real origin of musical notes, with which 
musicians themselves are almost totally unac- 

r tinted. It is not to theory ibey are indeltted for 
knowledge of all these sounds, but rather to the 
secret power of genuine harmony, operating so effi- 
caciously on their ears, that they have been coa- 
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Btrained, if I may Se aUowed to say it, to receive 
tones actually in use, though they are not hitherto 
perfectly agreed respecting their just determination. 
The principles of harmony are ultimately roductHe 
to numbers, as I have demonstrated ; and it has been 
remarkeil, that the number 2 fumishea octaves only, 
so that having fixed, for example, the note P, we are 
conducted to the notes f, ^ ? ^. The number 3 after- 
ward furnishes Ccj^t^'twhich differ one fiAh from 
the preceding series ; and the repetition of this same 
number 3 furnishes again the fifths of the first, 
namely, G.g,^ t fi ^^ finally, the third repetition 
of this number 3 adds further the notes D, d, j; £ f . 
The principles of harroony then, being attached to 
■implicily, seem to forbid our pushing farther the 
repetition of number 3 ; hitherto, accordingly, we 
have only the following notes to each octave : 
F, G, c, d, f, 

16, 19, 24, 97, 38 ; which certainly would not fur- 
nish a very copious music. But let us introduce, in 
addition to these, number 5, and observe the tone 
which shall emit five vibrations while F emits only 
one. Now f makes two vibrations in the same time 
7 makes four, and ? six. The note in question, then, 
is between 7 and ?. It is that which musicians in- 
dicate by letter r, the accord of which with note 7 is 
denominated a mater third, and is found to produce 
3 very agreeable concord, being expressed by the 
very simple ratio of 4 to 5. Further, note 7 with 
note ? produces an accord contained in the ratio of 
5 to 6, which is almost as agreeable as the former, 
and which is denominated a Itater t/rird, represented 
by the ratio of 27 to 32, and its difllerence from the 
first is almost imperceptible to Uie ear. This same 
number 6 being applied to the other notes, G, c, d, 
will give us, in like manner, their greater thirds, 
taken in the second octave below, that Is to say, tbe 
notes i; ^ and f, which, being transposed, will give 
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the followiiig Botes, vritb their tonesponding num- 
ben: 

F, Fb, G, a, B, c, d, e, f. 

mS, 135, 144, 160, leo, 192, 216, 340, 256. 
Take away the notes Fh, and you wiU have the 
prlDcipal touches of the harpsichord, which, accord- 
ing to the ancients, constitute the g'enus denominated 
diatonic, resulting from nmnher 2, frain number 3, 
thrice repeated, and from number 5. Admitting 
these sounds only, ve are in a condition to compose 
harmonies very agreeable ^d various, the beauty 
of which is founded on the simplicity alone of the 
numbers corresponding to the notes. Finally, upon 
applying a second time the number 5, we shall be 
Airnished with the thirds of the four new tones. A, 
E, B, Fa, which we have just found, we shall have 
the notes, Cs, Gs, Ds, and B, so that now the octave 
is completed of the 19 tones received in music. All 
these tones derive their origin from the three num- 
bers S, 3, and 5, multiplying 2 by itself, as often aa 
the octaves require; but we carry the multiplication 
of 3 only to the third stage, and of 6 to the second. 
All the tones of the first octave are contained in the 



tionof those which express the relation of these notes. 



at or C 


9 


ut # Cs 


2 






re # Ds 


3 






fa F 


a. 


fa # Fb 


u, 






sol# Gb 




la A 




Bib. Bb 


3, 


.r ^ 


3, 



2, a, 3, 3, 3, 3 . . , 


3, a, 5, 5 


3, 2, 3,3, 3 . . . . 


3, 6. 5 


8,3, 2,3, 5 . . . . 


2,8,8,2,8,2,3 . . 


3, 3, 3. 6 


3,2,8,2,3,3 . . . 


2. 3, 6. ft 


3,2,2,2,3,5 , . . 


3, 5. a 
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Whil« note C makM 384 *ibraticms, the tooe Cb 
gives 400, and the others as many as are marked by 
their corresponding numbers : note c will give, theo, 
in'the same time, double the nnmber of vibrations 
marked by 384, that is 768. And for the ToUowing 
octaves, you have only to multiply these numbers by 
9, hy 4, or by 8. Accordingly, note r will give twice 
768, or 1538 vibrations ; note < twice 1538, or 3073 
vibrations; and note f twice 3072, or 6144 vibrations. 
In order to comprehend the formation of sounds by 
means of these numbers 9, 3, and 5, it must be re- 
marked, that the points placed between the number? 
in the preceding number signify that they are multi' 
plied into each other; thus, taking the lone Fa, for 
example, the expression 3, 3, 3, 3, 3, 6, si^ifies 3 
multiplied by 3. ttiat product by 3, that again by 3, 



106, imd that by 5 make MO. Hence it is seen that 
the differences between these tones are not equal 
■inong themselves; but that some are greater, and 
others less. This ia what real harmony requires. 
The inequality, however, not being considerable, we 
commoiuy look on aU these differences as equal, 
dmominating the interval from one note to another 
aeuntoite ; and thus the octave is divided into 13 «mi- 
tanei. Many modem musicians make them equal, 
though this be contrary to the principles of hannooy, 
because no on" fifth or third is perfectly exact, and 
the effect is the same as if these tones were not per- 
fectly in tune. They likewise admit, that we must 
give up exactness of accord in order to obtain the 
advxntageofequalityof semitones, so that the trans- 
position from any one tone whatever to another may 
m no respect injure the melody. They acknowledge, 
however, that the same piece played in the tone C 
or a half-tone higher, that is Cs, must eoasiderably 
aOect its nature. It is evident, therefore, Qvai in 
fact all semitonea ire not equal, whatQVQi eSc««» 
Vol. r.— E 
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may be made by musicians t9 Tender them such ; 
because true harmony resists the esecutioD of a de- 
sign contradictory to its nature. Such, then, Is the 



farther to introduce number 7, that of the tones of 
an octave would be increased, and the art of music 
carried to a higher degree of perfection. But here 
the mathematician gives up the musician to the 
direction of his ear. 
3d May, ITOO. 



LETTER Vin. 

Of the Pleamnrt demed from fine Mime. 

It is a question as important as curious, whence itf 
it that a fine piece of music excites a sentiment of 
pleamre < The learned differ on this subject. Some 
IR«tend that it is mere caprice, and that the pleasure 
produced by music is not founded on reason, because 
what is gratefnl to one is disgusting to another. Par 
from deciding the question, Uiis renders it only more 
complicated. The very point to be determined ia, 
how comes it that the same piece of music produces 
effects so different, since all admit that nothing hap- 
pens without reason 1 Others maintain that the 
pleasure derived from fine music consists in the per- 
ception of the order which pervades it. This opinion 
appears ai first sight sufficiently well founded, and 
merits a more attentive examination. Music pre- 
senta objects of two kinds, in which order is esaeo- 
tial. The one relates to the difference of the sharp 
or flat tones ; and you will recollect, that it consists 
in the number of vibrations performed by each nota 
in the same time. This difference, whicn is percq»- 
lible between the quickness of the vibrations of an 
aounia, is what is properly called harmony. The 
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pose it, is the production of hsnnoay. Thus, two 
notes which diner an octave excite a perceptioa of 
the relation of 1 to 3 ; a fifth, of that of 3 to 3 ; and 
a greater third, of that of 4 to 5. We comprehend, 
then, the order which is found in harmony, when w« 
know all the relations which pervade the Dot£s of 
which it is composed ; and it ia the perception of the 
ear which leads to this luiowledice. This perception, 
more or lesa delicate, determinea why the same 
Jiarmony is felt by one, and not at all by another, es- 
pecially when the relations of the notes are expressed 
by somewhat greater numbers. Music conlaine, be- 
sides harmony, another object equally susceptible of 
order, namely, the meaturt, by which we assign to 
every note a certain duration; and the perceptioa 
of the measure consists in the knowledge of^ this 
duration, and of the relations which resun from it. 
The drum and tynibal furnish the example of a music 
.in which measure alone takes place, as all the notes 
are equal among themselves, and then there is no 
liarmony. There is likewise a music consistioj^ 
wholly in harmony, to the exclusion of measure. 
This music is the choral, in which all the notes are 
of the same duration ; but perfect music unites har- 
mony and measure. Thus the connoiaaeur who hean 
Jt piece of music, and who comprehends, by the 
acute perception of his ear, all the proportions on 
which both the harmony and the measure are 
jbunded, has certainly the most perfect knowledge 
possible of that music ; while another, who perceive* 
these proportions only in part, or not at idl, under- 
stands nothing of the matter, or possesses at most 
a very slender knowledge of it. But the sentiment 
of pleasure excited by fine music must not be con- 
founded with the knowledge of which I have been 
speaking, though it may be confidently aSrmed, that 
a piece of music cannot nroduce any, unless th« 
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relationa of it are perceived. For this knowledge 
alone ia not sufficient to eKcitt; the sentiment of 

Cleasure ; somelhing- more is wanting, which no ono 
ttherto haa unfolded. In order to be convinced 
that the perception alone of all the proportions of a 
piece of music ia insufficient to produce ptCHStire, 
you have only lo consider music of it very simple 
construction, such as goes in octaves alone, in which 
the perception of proportions ia undoubtedly the 
easieat. Such muaic would be far from conveying 

Ceasure, though you misht have the most perfect 
lowledge of it. ItwiU be said, then, that pleasure 
requires a knowledge not quite so easily attained-~- 
a knowledge that occasions some trouble; which 
must, if 1 may use the expression, cost ua something. 
But, in my opinion, neither is this a satisfactory so- 
lution. A dissonance, the relations of which are 
expressed by the highest numbers, is caught with 
more difficulty ; a series of diasonances, however, 
following without choice, and without design, can- 
not please. The composer niust therefore have 
pursued in his work a certainplan, executed in real 
and perceptible proportions, liien a connoisseur, on 
hearing such a piece, and comprehending, besides 
the proportionB, the very plan and desi^ which tho 
composer had in view, will feel that satisfxctioa 
which constitutes the pleasure procured by exquisite 
music to an ear accustomed to relish the beauties 
and delicaciea of that enchanting art. It arises, 
then, from divining- in some measure the views and 
feelings of the composer, whose execution, when 
fortunate, fUls the soul with an agreeable sensation. 
It is a satisfaction somewhat simikr to that which 
is derived from the sight of a well-acted pantomime, 
in which you may conjecture, by the gesture and 
action, the sentiments and dialogue intended to be 
expressed, and which presents besides a well- 
digested plan. The enigma of the chimney-sweeper, 
fTAich was so diverting to your highness, fumisbes 
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me with another excellent comparison. When jxm 
can gness the sense, and discover. that it is perfectly 
expressed in the propoBition of the enigma, you feel 
a very aenaible pleasure on making the discovery; 
but insipid and incongruous enigmas produce nooe. 
Such are, if I may be permitted to judge, the true 
principles on which decisions respecting the excel- 
lence of musical compositions are founded. 
ath May, 1760. 



LETTER IX. 

Compreiiion of tht Air. 

Tbc explanation of sound, which I have had the 
honour to present to your highness, leads me for- 
ward to a more particular consideration of air, 
which, being snsceptible of a movement of vibration, 
such as that by which musical strings, bells, and 
other sonorous bodies are agitated, transmits the 
concussion to our ears. It will be immediately 
asked, what is air! For it does not appear at first 
eight to be a material substance. Aa we perceive 
no sensible body in it, surrounding space seems to 
contain no matter wl^tever. We feel nothing; we 
can walk, and move every limb in it, without expe- 
riencing the slightest obetacle. But you have only 
to move your hand briskly to be sensible of some 
resistance, and even to perceive a stream of wind 
excited by that rapid movement. Now the wind is 
nothing else but air put in motion ; and seeing it is 
capable of producing effects so surprising, how is it 
possible to doubt that air is a material substance, 
and consequently a body ! For the terms body and 
matter are synonymous.* 

* Bod}' niher Unplla ■ qslulllr at nUWr \n moh diOnlU ibip", ■> 
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Body in divided iDio two great clatses, solid and 
fluid.* The air, it is evident, must be referred to the 
class of fluids. It hab Severn) properties in com- 
mon with water; but it is much more subtile and 
fine. Experiments have ascertained that air ia 
^)out 800 times more subtile and more rarefied than 
water ; and that if air were to be rendered 800 tttnea 
denser than it is, it would have the same consistency 
as the other fluid. -f A principal property of air, by 
which it is dislingiiiahed from other fluids, is its 
quality of being compressed, or reduced into a 
smaller space. This is demonstrated by the foUow- 
ing experiment : Take a tube of metal or ^sa 
A B C D Fig. 3, close shut p^ g 

atlheend AB. and openat / *'- ' 

the other, into which is in- 1 
troduced a piston P, Riling 1 
exactly the cavity of the 
tube. On pushinj; the piston inwards, when it has 
arrived at the middle E, the air which occupied at 
flrst the cavity A B C D will be reduced one-half, 
and coiuiequently will have become twice as dense. 
If the piston is pushed still farther in, as far as V, 
half-way between B and E, the air will be reduced 
to a space four times smaller than at first ; and if 
you continue to drive forward the piston to G, ao 
that B G shall be the half of B F, or the eighth part 
of the whole len^h B D, the same air which in the 
beginning was expanded over the whole cavity of 
the tube will be contracted to a spnce eight times 
smaller. Goiag on in the same manner to contract 
it into a space 800 times smaller, you will obtain an 
oir 600 times denser than ordinuy air. It would 
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dun be as dense as water, which it would be easy 
to prove by other experiments. Hence it appears 
thai air is a fluid aubsUnce, capable of compTesBion, 
or, in other words, of being reduced to a smaller 
space ; and in this respect it differs entirely from 
water. For let the tube A B C D be fiUed with this 
last fluid, and attempt to introduce the piston, you 
will find it impossible to drive itforward. Employ 
what force you may, you will gain nothing i the 
tube will bUTSisooner than you can reduce the water 
to a space sensibly smaller. This then is the es- 
'Sential difference between air and water : the latter 
is susceptible of no compression, but air mcy be 
compressed to any degree you please. The more 
the air is compressed the denser it becomes : thus 
Ihe air which occupied a certain space, when com- 
pressed or reduced to half that space, becomes twice 
as dense : if reduced to a space 10 times smaller, it 
is rendered 10 times mors dense ; and so on. I have 
already remarked, (hat could it be rendered BOO 
times more dense, it would then be as dense as water, 
and consequently as heavy ; for wei^t increases in 
the same proportion as density. GM, the heaviest 
substance with which we are acquainted,* is like- 
wise the most dense. It is found by experiment to 
be 19 times heavier than water : ao that a mass of 
gold in the formf of a cube of one foot would weigh 
10 tiraea a mass of water of the same dimensions. 
Now such a mass of teater weighs 70 pounds ; the 
mass of gold therefore would weigh 19 times 70, 
that is, 1330 pounds. It follows, that were it pos- 
sible to compress air till it were reduced to a space 
10 times 800, that is, 19,900 times smaller, it would 
become as dense and as weighty as gold. 

But it is very far from being possible to carry the 
compression of air to that degree. You may at first 
without difficulty drive forward the piston, but th« 
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farther you advance, the resiBtance becomei moro. 
powerful ; and before you are able to reduce the air 
to a space ID times smaUer, such a force must be 
employed as would burst the tube, uolees it were 
of imcominon strength. And not only would such a 
force be necessary to drire the piston farther, but 
an equal force would be requisite to keep it in that 
state ; for on the slightest relaxation of the power, 
the compressed air would drive it backward. The 
more compressed the air is, the more violent are its 
efforts to expand, and to recover its natural state. 
This la what we call the spring or elasiicity of the. 
air, of which I propose to treat in my next Letter. 
10(A May, 1760. 



RarefaclioH and Elatiieitj/ of lAt Air. 

I HAve remarked, that air is a fluid about 800 limes, 
more subtile than water ; so that could water, with- 
out being reduced to vapour, be e^ipanded over a 
apace so many times greater, and could it become 
of consequence so many times more subtile, it 
would be of a similar consistence with ihe air which 
we breathe. But air has a properly which water 
has not, that «f suffering compression into a smaller 
apace, and of being proportionably condensed, as I 
demonstrated in the preceding letter. And wo dis- 
cover in air another property no less remarkable : 
it is capable of being expanded over a greater space, 
snd thus rendered still more subtile. This opera- 
tion is called the rarefaction of air. 

You have only to take, as befbce, a tube A B C D, 
Fig. «, at the bottom of „ - 

which A C let there be a . „ "*■■ ^■ 
small aperture 0, so that, n-T' 
on introducing the piston ^9~ 
aa far aa to E ¥,VtM vt 
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may escape by that aperture withotrt being con- 
demeil. The air which now occupies the cavity 
A C B F will theu be in its natural atate ; let the 
aperture O be closely stopped. On drawing back 
the piston, the airwill gradually expand Ihrongh the 
greater apace, so that when the piston is brought 
back to the point G, the space C G being double the 
space F, the same air which was contained in the 
space A C E F will Nil a space twice as great ; it 
will be of course only half as dense, or, which is 
the same thing, twice as rare. If you drew back 
the piston to the point H, the space C H being four 
times as great as the space C F, the air will be* 
come four times as rare as it was at first, as it ia 
then expanded over a space four times as great. 
And could the piston be drawn back till the apace 
became 1000 tines as great, the air would still 
equally expand through that apace, and consequently 
become 1000 times as rare. Here then, likewise, 
air differs essentially firom water; for if the cavity 
A C E F were filled with water, to no pnrpoee 
would you draw back the piston ; the water would 
oontinoe to occupy the same space as at flret, and 
the rest would remain empt^. Hence we see that 
the air possesses an intrinsic power of expanding 
itself more and more, which it exerts not only when 
it is condensed, but also when rarefled. In what* 
orer state of condensation or rarefaction the air 
may be, it makes unremitting efforts to extend itself 
over a larger space, and is continually expanding so 
long as it meets no obstacle. This property ia 
called the elasticity of air; and it baa been demon- 
strated, by experiments which 1 shall presently de- 
scribe, that tfiis elastic power is in proportion to 
the density; in other words, the more the air is 
condensed, the greater are its efforts to expand 
itself; and the more rarefied it is, the feebler are 
those efforts. It will be demanded, perhaps, why the 
itir now in ray chamber does not make U% encw^^ 
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the door, being endowed with an expansibility con- 
tinually irfipelling it to occupy a Eieater space 1 The 
answer is obvious. This would infalUbly happen, 
did not the external air makeequal efforts to extend 
itself; but the elTorts of the air of the chamber to 
set out, and that of the external air to press in, 
being equal, they balance each other, and remain in sl 
state of rest. Had the external air accidentaUy ac- 
quired a greater de^ee of density, that is, more 
elasticity, it would m part force its way into the 
chamber, where the air. being compressed, would 
likewise acquire a greater degree of elasticity; thi» 
current would accordingly last till the elasticity of 
the internal became equal to that of the external air. 
And should the air of the chamber suddenly become 
more dense, and its elasticity greater than that of 
the external air, it would force its jvay out ; and its 
density gradually diminishing, its elasticity loo would 
diminia]^ till it became equal to the external air ; the 
current would then cease, and the air in the cham- 
ber would be in equilibrium with the external. Free 
air, then, is in a slate of rest only when it has the 
eaote degree of elasticity with that which surrounds 
it ; and as soon as that of the one tract becomes 
more or less elastic than the adjoining, the equi- 
litarium can no longer subsist ; but if the elasticity is 
greater, the air will ezoand itself, and slide mto 
spaces where it is smaller ; and from this motion 
of the air results the wind. Hence it comes to pass 
that the elasticity of the air is sometimes greater, 
sometimes less, in the same place ; and this variation 
is indicated by the barometer, the description of 
which merits a particular consideration. 1 conline 
myself at preseut to these qualities of air, its eon- 
dentation and rarefyetion, entreating you to recollect, 
tiiat the more condensed it is, the greater power of 
expansion or elasticity it acquires; and that, on 
the conlrary, the more it is rarefied, the more this 
guaiity is diminished. Experimental philosophen 
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liave invented one machine for rarefying tir, and 
another for condensing it : the former is called th» 
air-pump, the latter the condensrr. These niachine» 
serve to perform many curious experiments, with 
which you are already well acquainted. 1 reserve 
to myself, however, the liberty of recapitulating 
some of them, because they are necessary to eluci- 
dftte and enlain the nature and properties oT air, 
ithich, as they powerfully contribute to the pres^ 
ervation of animals, and the production of pbi^ 
press upon ns the importance of forming a inat iriea 
of them. 

\Atk May, 1760. 



LETTER XI. 

Gravity of the Air. 

I B4VK endeavoured to demonstrate that the air 
is a fluid, endowed with the particular property of 
suffering' compression into a smaller space, and of 
expanding into a greater, when no obstacle inter- 
poses. This property of air, known by the name of 
spring, or elasticity, from its resemblance to a spring, 
which it requires an efllbrt to unbend, and which re- 
sumes its form as soon as the effort ceases, is accom- 
panied by another, in common to it with all bodies 
in ^neral, namely, gravity or weight, in virtue of 
whichallbodies tend towards the centre of the earth, 
and by which they are under the necessity of falling 
down, unless supported. The learned are very much 
divided, and very uncertain, respecting the primary 
and mechanical cs-jse of this power ; but its exist- 
ence is indnbitable. Daily experience evinces it. 
We know even the quantity oT it, and can measure 
it exactly. For the weight of a body is nothing else 
bnt the power which constrains it to descend ; ami 
as the weight of every bdBy may be cxv:,VVj wvc'ts- 
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ured, we knov perfectly well the effect of fmitf, 
though the cmiap,or timl iiivisitiLe power which act* 
upon all bodiea, forcing them to descend, may be 
absolutely unknown to us. It ToIIuwh, that the mora 
matter any body contains, the heavier it is. Gold 
and lead are heavier than wood or feathsra, as they 
contain more matter in the same b.ilk, or in Ihe aame 
exteifl. But as air ia a very subtile and thin sub- 
stance, and its gravity of consequence very Utile, thia 
property usually escapes our senses. Exst^rimeuta, 
Dowever, may be made capable of prooucing full 
conviction that it possesses gravity. You have aeen 
how Ihe air mav >-j rarefied in a vessel or a tube ; 
and by means or the air-pump, this rarefaction may 
be carried so far as almost entirely to eihauat the 
air, and to leave the receiv ---■-■- 
Or you may make a tube 
A B C D, Fig. i, into which 
youintroducethepistonFE, m 
80 as perfectly to touch the '■ 
bottom, and to leave no air 
between the two surfaces. To perform the experi- 
ment with more advantage, let there be at the bot< 
torn of the tube a little aperture. G, through whicb 
the air may escape as the piston is pushed forward. 
Let the aperture then be closely stopped, that not a 



rangenient, draw back the piston ; and the external 
air not being able to force its way into the tube, 
there will remain between the bottom of the tube 
and the piston a perfect vacuum, which may be in- 
creased at pleasure by continuing to draw back the 
piston. Yuu may ihus exclude the air contained in 
a vessel ; and such vessel, reduced to a vacuum, 
being tried iuaccurat^scales, willbe foiuid to weigh 
less than when filled with air. Hence we deduce 
this very important conflusion, that the air con- 
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talned in an empty vessel* increases its weight, and 

that (he air itself possesses gravity. Were the 
vessel large enough to contain SOO poiuids weight of 
water, we might discover by this experimeot that 
the iwdy of air which fills it would weigh nearly 
one pound. Hence we conclude, that air is 800 
times lighter than water. 1 must be understood as 
Bpeakiug' of thaacomraon air which aurroundv us, 
and which we breathe ; for you know, that with the 
assistance of art, air may be compressed by forcing 
it into a eniHller space, and its gravity thereby in- 
creased. Were the vessel which I have mentioned 
to be filled with air compressed to twice the con- 
sistence of common air, it would weigh two pounds 
more than when empty. Were it filled with aJr 
800 times more compressed thun common ^r, it 
would weigh BOO pounds more than when empty, 
that is, as much aa if it were filled with water. 
The air, then, possessing a certain degree of gravity, 
though in the natural state of this fluid its gravitv 
is extremely small, it must, however, as well aa aU 
other bodies, tend towards the centre of the earth, 
and consequently it presses on every thing which ' 
opposes this tendency. For this reason the suj>enor 
air presses downward on the inferior, and this last 
undergoes a compression from the weight of the 
whole mass of air which is above it. Hence it 
comes to pass, that in these regions the sir has a 
certain de^ee of compression or density, which is 
the effect of the gravity of the superior air ; and that 
if the superior air had more or less gravity, the air 
which surrounds us would likewise become more or 
less dense. It is thus that the air below supports 
the weight of the superior air, and that the more we 
ascend the more it loses its density, and rarefies; 
so that were it possible to coHtinue to ascend, ttie 
air would at length be totally tost, or would become 
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so subtile and so rarefied as to be no longer percep- 
tible. Were you lo descend, on the contrary, into 
a very deep pit, you would find the density of the air 
continually increasing, from the increase of the mass 
of air pressing downward upon it. 
17/A May, 17B0. 



Of the Atmosphere, and the Barometer. 

Hatiito demonstrated that air is a fluid, elastic, 
and possessed of gravity, I proceed to remark, that 
the earth is surrounded on all sides by this fluid, and 
that the space which it fills la called the atmosphere- 
It would be absolutely impossible for a perfect 
vacuum to exist on any part of the earth's surface ; 
for the air of the adjoining regions, compressed by 
the weight of the superior air, and making incessant 
efforts to dilate, would force itself into the empty 
r space and fill it. The atmosphere, therefore, occu- 
pies the whole region which surrounds the earth ; 
the inferior air is continually compressed by the 
weight of the superior air, and that until the degree 
of dasticity which results from this compression is 
able to form an equilibrium to the compressing power. 
Then, although this air is compressed only in a 
downward direction, it produces, in virtue of its 
elasticity, efTorts to expand itself, not only down- 
wards, but sideways also. For this reason, the air 
in a chamber is as much compressed as the external, 
which appeared a paradox to certain philosophers ; 
for they reasoned thus: In a chamber, the inferior 
air id compressed only by the small quantity of su- 
perior air included in that chamber; whereas the 
external air is compressed by Ihe weight oflhf whole 
atmosphere, the height^f which is immense. But 
Die difficulty is at once removed, by tlie property 
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which air possesses of expandinff itself when com- 
pressed in all directions. Now the air in the cham- 
ber is at first reduced by the external air to the 
same degree of compression and elasticity with 
itself; hence, whether I am in my chamber or in the 
open air, I feel the same compression ; being always 
understood, that 1 mean at the same height, or at 
the samo diatante from the centre of the earth. For 
1 have already remarked, that on getting to the sum- 
mit of a high tower, or of a lofty mountain, the 
compression of the air is less, because the weight 
of the superior air is then diminished. Various 
phenomena confirm this state of the compression 
of the air. 

Take,forinstance, Fi^.5,atubeAB, close n. k 
at the end A, and having filled it with water, ' "^ 
or any other Suid, invert it so that the open f 
end B may be nndermost, and you will find 
that the fluid does not run out.* The elas- 
ticity of the air acting at B, in opposition to 
, the fluid, supports it in the tube. But if you 
make an aperture into the tube at A, the fluid 
immediately descends ; the air which is ad- 
mitted by the aperture acts then from atwve, 
by its pressure upon the water, and forces it 
downward ; which demonstrates, that while 
the tube waa close at top, it was the external air - 
which supported the water in it. And were such a 
tube to be placed in a receiver, from which the air 
was extracted by the air-pump, the fluid would in- 
stantly descend. The ancients, to whom this prop- 
erty of air was unknown, allegisd that nature sup- 
ported the water in the tube, from the horror which 
jt has of a vacuum. For, said they, were the fluid 
to descend, there must t>e a vacuum at the upper 
end of the tube, as the air could find no admissioti 
into it. According to them, therefore, it was the 
* Tlw open tnd B mum be kcpi bvnilli tbfi cnrffen of Ih* w4Hr lo 
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horror of a vacuum which kept the fluid suspended 
in the tube. It ia now demonstrate, that it is the 
force of the air which supports the weight of the 
fluid in the tube ; and as this force has a determinate 
quantity, the effect cannot exceed a certain limit. 

It is found by experiment, that If the tube A B ia 
more than 33 feet in len^h, walar will no longer 
remain suspended in it, but will nuniut till it comes 
to the height of 33 feet ; the space left at the top 
will, of course, be a real vacuum. Tlie force of the 
air then cannot support water in the tube at more 
than the height of 33 feet ; and as the same force 
supports the whole atmosphere, it is concluded that 
a column of the atmosphere is of equal weight, the 
^ I being equal with a column of water 33 feet 
If, instead of water, you were to use mercury, 
is U times heavier, the force of the air could 
support it in the tube at the height of only 36 inches ; 
and if yon go beyond that, the mercury descends tin 
its height corresponds to the pressure of the atmo- 
sphere, leaving the space at the top of the tube a 
k vacuum. Such a tube, close above and open below, 
being filled with mercury, forms the matrument 
called the barometer, by means of which it has been 
discovered that the atmosphere is not always of 
equal gravity. For its real gravity is ascertained by 
the barometer from the height of the mercury, 
ivhich, as it rises or falls, indicates that the density 
of the air, or the pressure of the atmoapbere u 
increasing or diminishing. 
Wth May, IT6D. 



LETTfiR XIU. 

€ffAiT-Giau, and the Comprttrion of Air in Giii^»«ider. 

Hatind explained that remarkable property of air 
which is denominated compressibility, 1^ means of 
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tion or the air-^mt, though I have no doubt but you 
are weH acquainted with that instrument. Its con- 
struction ia aimilar to that of the common fpm \ but 
instead of powder, we employ condensed air to dis- 
charge the bullet. 

In order to comprehend the process of this opera- 
tion, it must be observed that ai^ can be compressed 
only by a force proportional to the degree of con- 
densation wliich you wish to obtain ; in this state it 
strives to extend itself, and the efforts which it makes 
are precisely equal to the force necessary to reduce 
it to the size which it actually occupies. The more, 
then, thai the air is condensed, the more violent are 
its efforts to dilate ; and if the air is raised to a den- 
sity twice as great as when it is free, which is the 
case when we reduce it to half the space which it 
occupies in its natural state, the force with which it 
endeavours to expand is equal to the pressure of a 
column of water 33 feet nigh. Figure to yourself 
a ^at cask of this height ^led with water ; this 
fluid will undoubtedly make a stronger pressure on 
the bottom of the vessel. If you make a hole in it 
near the bottom, the water will force itself out with 
considerable violence ; and on stopping the aperture 
with your flnger, you will be abundanSy sensible of 
this pressure of the water. The bottom of the caak 
sustains throughout a aimilar pressure. Now a ves- 
sel containing air twice as dense as that of i.he atmo- 
sphere must undergo precisely such a pressure ; and 
if it were not sufficiently strong to sustain it, would 
burst. The sides, then, of this vessel must be aa 
strong as the bottom of the cask 1 have mentioned. 
If in the same vessel the air were three times aa 
dense as common air, the force with which it would 
act upon the sides must be increased in the propor- 
tion of one more, and would be the same which is 




U OF AIR-ODNB, XTC. 

sustained by the bol torn of a cask full of water of 60 
feet in beigjs. You will easily conceive that this 
force must Be very great, and that it must go on in- 
creasing in the same ratio, according to the different 
degrees of condensation of the air. This being laid 
down, there is al the iMttom of the air-gun a cavity 
strongly fortified on all sides, into which the air is 
more and more compressed, in order to r,iduce it to 
as high a degree of aensily as the force employed 
forthatpurposecanadmit. The air confined in this 
cartty will thereby acquire u prodi^ous power to 
force itself out ; and if an aperture is made, it will 
fly off with a velocity proportional to that power. 
Now there is such an aperture, which terminates in 
the cavity of the tube into which the ball is put. It 
is closely stopped ; but when you wish to discharge 
the piece, you open, for an instant, the valve which 
shuts it; and the air, rushing forth, forces out the 
ball with all the velocity which we remark in shoot- 
ing. Every time you discharge the valve is kept 
open only a single moment ; a certain quantity of 
air, therefore, and no more, can escape, and enough 
still will remain for several shots. But on discharge, 
its density and corresponding elasticity diminish; 
and for this reason, the latter discharges ate less 
forcible than the former, till the force is at length 
entirely exhausted. Were the valve to remain open 
any considerable time, more air would make its 
escape, which would all go to waste ; for this force 
acts upon the ball only while it is in the barrel of 
the gun ; as soon as it is shot off, it is useless to 
leave a passage for the air. Hence it appears, that 
were it possible to carry the condensation of this 
fluid a great deal farther, you would produce from 
the wind-gun the same efTecta as from the guns 
and cannons in commoa use.* 
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Tho effect of nrtiJlery ia nccordingly founded on 
the same principle. Gi]i)powderison|Basutntance 
which contiins in its pores an air ex^eoiely con- 
densed. Nature produces here the same operations 
which we employ for compressing the air, but car- 
ries the condensation to a. much higher degree. All 
that ia necessary is to open the little cavities in 
which this dense air is conjined, [hat it may have 
liberty to escape. This is y^lormed by means of 
fire, which hursts open these [ittle envelopes: the 
nir then suddenly flies ofT with incredible velocity, 
and forces before it bullets and balls in a manner 
entirdy similar to that which we have remarked in 
the case of the win^eun, but with much greater 
impetuosity. Here, men, are two very surprisii^ 
effects produced from the condensation of air, witn 
this single difference, that in the one it is the work 
of art, and in the other that of nature. We see 
therefore in this, aa in every thin^ else, how'infi- 
nitely the operations of human sk^ are surpassed 
by those of nature.* 

aith May, 1760. 



LETTER XIV. 

Titt Effect productd by Heat and Cold on all Boditt, 
and of the Pyrometer and THermomeler. 



Bmu»s the properties alrea'ly mentioned, air has 
another very remarkiible qu.ilLty in common to it 
with all bodies, not excepting such as are aolid ; I 
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mean the chang;e prodoceil on it by heat and cold. 

Tt is obseryble, in general, that all bodies, being 
healed, dilfl or increase in eize. A bar of iron 
made very hot, ia somen-hat longer and thicker than 
when it ia cold. There is an instrument called the 
pyrometer, which accurately indicates the iUghlest 
differences of len^h or shortneas that a bar of iron 
midergoea to which it is appUed. You know that 
ia a watch aome of the wheels move very slowly, 
though they comnmnlbate motion to othera which 
revolve with considerable mpidily. By a ainijlar 
mechanism it is possiGlc, from a change almost im- 
perceptible, to produce one very coiuiiderable, as is 
the case of the pyrometer, which I have just men- 
tioned. II has an index, wUch runs over a very 
considerable space, on the sli^test change prodaced 
in the length of the body on which the experiment 
is made. On applying this instrument to a bar of 
iron, or anj[ other metal, placed over a burning lamp, 
the index is immediately pnt in motion, and shows 
that the bar is becoming longer ; and as the heat 
increases, the bar likewise iiicieases in length. But 
on extinguishing the lamp, and the b^r ^wing cold 
again, the index moves in a contrary direction, aud 
thereby shows that the bar ia Rowing shorter. The 
difference, however, is ao slight, that without the 
help of this instrument it would be difficult to per- 
ceive it. Yet this variation is abundantly percepli- 
ble in the motion of pendulum time-pieces. The 
use of the penduhim la to regulate the motion. If 
you len^hen it, the clock goes slower; and if you 



B that the pendulum i( 
lengthened or shoitened, according to the tempera- 
ture of the air. 

All bodies undergo this alteration; but the qusD- 
aity differs grsatly, according to the nature or the 
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substance ot which they ar^ colhposed. In flrnds, 
especially, this variability is very perceptible. To 
aacertain it, take a glase tube, B C, Fig. 6, ^v . 
joined at the end B to a hollow ball A, and '«"• 
let it l>e GUed with any liquor you please up 
to M. Od heating the ball A, tne liquor will 
rise from M towards C ; when it becomes ' 
cold again, the liquor will fall towards B, 
This clearly proves Ihnl the sane liquid oc- 
cupies a greiiter space when it >• haated, and a 
amaller when cold. H is likewise clear, that 
this variation must be more perceptible when 
the ball is large and the tube narrow. For if . 
the whole mass of liquor increases ordimin- [ 
iahes by a thousand ttrpart, that thousandth \ 
part wiU occupy, in the tube, a space great in 
prop(Ktion to its narrowness. Such an instru- 
ment then is exceedingly proflbr to indicate to us 
the different degrees of heat and cold ; Tor if the 
liquor rises or falls, it is a certain indication that 
the heat is increasing or diminishing. This instru- 
ment is called the thermometer,* which points out 
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the changes that take j)bce in the temperature or 
the air, and of the bodfts that auiround us. It must 
not be confounded with the barometer, whose use 
is to indicate tin gravity of the air, or rather the 
force with which it ia compressed. This caution is the 
more necessary, that the barometer and thermom- 
elcr have a considerable resemblance ; being both 
glass tubes dlled with mercury; but their construc- 
tion and the principles on whicli they are founded 
are entirely differeilt. This quality of bodies, ex- 
tension b^ heat and costrac^on by cold, belongs 
likewise m a very superior degree to air. I ehal' 
explain it at greater length in my next Letter. 
anih May, 1760. 



dangtt prvdttoed in the AttnoijAert by Heat and Cold, 

HcAT and cold produce the same effect on air as 
on every other bmiy. Air is rarefied by heat, and 
condensed by cold. Prom what I have said of the 
elasticity of air, you easily perceive that a certain 
quantity of this fluid is not determined to occupy 
only a certain space, as all other bodies are ; but By 
its nature it has a perpetual tendency to dilate, and 
actually does expand itself, as long as it meets no 
obstacle. 

This property of air is denominated tlattidty. 
When this fluid is confined in a vessel, it makes ef- 
fortsin every direction to burst it; and these efforts 
are greater or less in proportion to its condensation. 
Hence we come to this conclusion, that the elas- 
ticity of air is in exact proportion to its density ; m 
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that when its denjaity is doubled, its elasticity is like- 
wise doubled ; and that, in general, a certain degrea ' 
of elasticity corresponds to a proportional degree 
of density. It must be remarked, however, that this 
takes place no longer than while the air preserves 
the sajne degree of heat. Whenever it becomes 
hotter, it acquires greater power of expansion than 
what corresponded to its density; and cold produces 
the opposite effect, by diminishing its expansive 
power. In order then to determine the elasticity of. 
a mass of air, it is not sufficient to know its density; 
you roust likewise know its degree of heat, in 
order to set this is a cleai light, let us suppose two 
chambers closely shut on all sides, but umted by a 
door of communication: and that the heat in both 
is equal. In order to this the air in both chambers 
must have the same degree of density. For were 
the airmoredense, and consequently more elastic, in 
the one than in the other, part of it would escape 
from the one, and force its way into the other, tiD 
the density in both were the same. But let us sup- 
pose that one of the chambers has become hotter 
than the other, the air thereby acquiring a greater 
elasticity, would of course force itself into the other, 
and reduce that which it found there into a smaller 
space, till the elasticity in both chambers was brought 
to the same degree. Ihiring this change there will 
be a current of air through the door, from the cham- 
ber which is more into that which is less heated ; 
and when the equilibrium is restored, the air will be 
more rarefied in the warm apartment, and more 
condensed in the cold; and yet the elasticity of both 
will be the same. From this it clearly follows, that 
two masses of air of different densities may have 
the same elasticity, when the one is hotter than the 
other ; and this circumstance taken into considera- 
tion, it may happen', ihat with the same de^ee of 
density, they may be endowed with different degrees 
of elasticity. 
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What Ihave aaid of two chambers nia.y be applied 

to two countries : and hence it maybe concluded, 
that wheQ one country becomes warmer than the 
other, there must of necessity be a current of air 
from the one to the other ; and from this results the 
. wind. 

Here, then, is one fruitful source of winds, though 
there are perhaps others, which consist in dif- 
ferent degrees of heat which prevail in dilTerent 
regions of the earth ; and it is demonstrable, that 
the whole air which surrounds the earth could not 
be in a state of rest unless that, universally, at equal 
heights, there were found the same degree, not onl^ 
of density, but likewise of heat. And should il 
happen that there were no wind over the whole sur- 
face of the earth, it might with certainty be con- 
cluded that the air would likewise be eveirwhers 
equally dense and warm at equal heights. Now, as 
this never happens, there must of necessity always 
be winds, at least in some regions. But these winds 
are, for the most part, to be met with only on the 
surface of the earth ; and the higher you rise, the 
less violent winds are. Winds are hardly percep- 
tible at the summit of very high mountains j there 
perpetual tranquillity reigns ; from which it is im- 
poasiblB to doubt that at considerable elevations 
the air is always in a state of rest. Hence it follows, 
that in regions remarkably ekvated, there universally 
prevails all over the earth the same degree of 
density and heat; for were it hotter in one place 
than m another, the air could not be in a stale of 
rest. And as there is no wind in tliese elevated 
regions, it must necessarily follow, that the degree 
of heat there must be always the same ; which is a 
very surprising paradox, considering the great varia- 
tions of heat and cold which we feel on the sur- 
face of the earth, during the course of a year, and 
even of one day; without taking into the account the 
diffennca of climate, that is, the intolerable heats 
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Mt Bnder the eqnator.'and the dreadful cold which 
conatantljr prevails towards the poles of the earth. 
Experiance itself, however,, conflrms the truth of 
this astonishing fact. The snow and ice remain 
equally, suoimer and winter, on the mountains of 
Switaeriand, and are equally unchangeable on the 
CordilJeras, lofty mountains of Pern, situated under 
the very equator, and where there perpetaally reigns, 
nevertheless, a cold as excessive as that of tiie polar 
regions. The height of these mountains is 4} Eng- 
lish miles, or 34,000 feet. From this it may be 
with confidence concluded, that were it possible 
for us to ascend to the height of 84,000 feet above 
the earth, we should always meet with the same 
degree of cold, and that cold excessively severe. 
We should remark there no sensible difference dur- 
ing either summer or winter, under the equator, or 
near the poles. At this height, and still higher, the 
state of the atmosphere is universally, and at all 
seasons, the same ; and the variatiooA of beat and 
cold take place near the surface of the earth alone. 
It is only m these inferior regions that the effect of 
the rays of the sun becomes perceptible. You hare, 
undoubtedly, some curiosity to know the reason of 
this. It sh^ be the subject of the following Letter. 
aiifJIfay, 1700. 

LETTER XVI. ► 

7^ Cold/ell on Ugh Mountains and at gnat lieptiu 

accounted for. 

It appears very surprising, that we should feel tha 
same degree of cold in all regions, after we have 
risen to a certain height, say 34,000 feet; consider-' 
ing that the variations with respect to heat on the 
earth, not only in different choiates.but in the same 
country, at diflerent Bsuona of the year, an «o per- 
V6L. I.— O 
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ceptible.* This variety, which takes place at the 
surTace of the globe, is undoubtedly occasioned by 
the sun. It appears, at titst sight, that bis influenca 
roust be the aame above and below, especially when 
we reflect, that a height of 34,000 feet, though very 

Eiat with respect to us, and even far beyond the 
Ight of very lofty mountains, is a mere nothing, 
compared to the distance of the-sun, which is about 
ninety-six millions of miles. This is, therefore, a 
very unportant difficulty, which we must endeavour 
to solve. For this purpose I begin with remarkins, 
that the rays of the sun do not communicate heat to 
any bodies but such as do not grant them a free 
passage. You know that bodies through which we 
can £scem objects are denominated tra-mparetu, 
peUvcid, and diMhanmu. These bodies are glass, 
crystal, diamond, water, and several other liquids, 
though some are more or less transparent than 
others. One of these transparent bodies being ex- 
posed to the sun, is not heated to such a degree as 
a body not tnuuparent, as wood, iron, &c. Bodies 
not transparent are denominated opaque. A burning- 
glass, for example, by transmitting the rays of the 
sun, sets on fire opaque bodies, while the gjass itself 
Is not sensibly heated. Water exposed to the sun 
becomes somewhat warm, only because it is not 
perfectly transparent ; when ve see it considerably 
neated by the sun at the brink of vivers, it is because 
•the bottom, being an opaque body, ia heated by the 
rays which the water transmits. Now, every heated 
body communicates thatheatto all adjoining bodies: 
tbe water accordingly derives heat from the bottom. 
If tbe water be very deep, so that the rays cannot 
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penetrate to the bottom, it has no perceptilde hest, 
thongh the sun bears upon it. < 

As air is a very transparent bodj to a much 
higher degree than ^aas or water, it ^llows that it ' 
cannot be heated by the son, because the rays ar« 
freely transmitted through it. The heat which we 
frequently feei in the air is communicated to it by 
opaique bodies, which the rays of the son have 
heated ; and were it possible to annihilate all these 
bodies, the air would scarcely undergo any change 
ia its temperature by the rays of the sun: exposed 
to it or not, it would be equally cold. But the at- 
mosphere is not perfectly transparent -. it is eTen 
sometimes so loaded with vapours that it loMS 
almost entirely its transparency, and presents only 
a thick fog. When the air is in this state, the rayi 
of the sun hsTe a more powerful influence upon it, 
and heat it immediately. 

Snt these vapours rise to no great height ; at the 
height of 34,000 feet, and h^ond, the air is bo nib- 
tile and so pure, that it ia perftetly trai)^)arent ; and 
for this reason the rays of the sun cannot imme- 
diately produce any effect upon it. This air is like- 
wise too remote from terrestrial bodies to receive a 
communication of heat (him them ; they act otily 
upon such as are adjacent. Hence you will easily 
perceive that the rays of the sim cannot produce 
any effect in regions of the air very much elevated 
above the surface of the earth ; and that the same 
degree of cold must always and univeraally prevail 
in such regions, as the sun has no infloence there, 
and as the heat of terrestrial bodies cannot be com- 
municated so far. This is nearly the cose on the 
summit of very high mountains, where it is alwayt 
much colder than on plains and in valleys. 

The city of Quito, in Peru, is almost under the 
equator, and were we to form our judgment from its 
situation on the globe, we would suppose it op. 
pressed with intolerable heat; the air, however, is 
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■bandantiy temperate,' and differs very little from 
that of Paris. Quito is situated at a great height 
above the real siirface of the earth, in going to it 
IVom the seashore you have to ascend for several 
days ; it is accordingly built at an elevation equal to 
that of our highest mountains, though Burroimded 
bv others still much higher, called the Coidilleras. 
This last circumstance would afford a reason for 
thinking that the air there must be aa hot as ht the 
surface of the earth, as it is contigaoua on all sides 
to opaque bodies, on which the rays of the sun fall. 
The objection is solid ; and no solution can be given 
bat this : — That the air of Quito, being very elevated, 
most be much more subtile, and of less gravity than 
ivith UB ; and the barometer, which always atsnda 
conslderatdy lower, incontegtobly proves it. 

Air of anch a quaUty is not so susceptible of heat 
■s common air, as it must contain less v^mur and 
other particles which usually float in the atmosphere ; 
and we know by experience that air very nuch loaded 
is proportionably snaceptible of heat. I must here 
mbjobi another phenomenon no less sDrprising : — la 
veiT deep pits, and lower still, if it were still poasible 
to descend, the same degree of heat always and uni- 
Tcnally prevails, and nearly for the same reason.* 
As the rays of the sun exert their influence only ya 
the surface of the earth, and as the heat which they 
there excite coininunicateB itself up and down, this 
efOict atTeiy great depths is almost imperceptible. 
T%e same thing holds respecting considerable heigjits. 

3d Jtmt, I7«0. 
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LETTBE XVn. 

Of Ught, and the Syttenu of DeaearttM and Ntiotm. 

Havdio spoken of the ravs of the son, which are 
the focus of All the heat and light Ihiit we enjoy, you 
wUlnadoDbtedlyaBk, What are these rays' Thia is, 
beyond <]uestion, one of the moat important inauiries 
in physics, as from it an infinite number of ph»- 
nomena is derived. Eveiy lhin| that respects hght, 
and that renders objects visible, is closely connected 
with this inquiry. The ancient philosophers seem 
to have taken little interest in the solution of it. Thej 
contented themselves with saying that the sun is 
endowed with the quality of shining, of giving heal 
and litrht. But is it not worth while to inquire. 
Wherein does this quality consist ' Do certain por- 
tions, iaconceivably small, of tJre sun himself, or of 
his substance, come down to ub < Or, is the trans- 
mission similar to the toUDd of a bell, which the ear 
receives* though im part of the substance of the 
b^l be separately i'roni it — as I observed in explaining 
the propagation and perception of sound. 

DetcarK', the first of modem philosophers, main- 
tained (his last opinion ; and having fiUed the whc^e 
unirerse with a subtile matter composed of small 
globules, which he calls the second element, he sap> 
poses that the sun is in a state of continual agitation, 
which he transmits to these globules, and pretends 
that they again communicalo their motion in an in- 
stant to every part of the universe. But since it has 
been discovered that the rays of the sun do not reach 
us instantaneously, and that they take eight minuies 
to fly through that immense distance, the oranioB of 
Deicariet, which laboured besides under oilier dllS- 
culties, has been given up. 

The great Nnetou afterward enrimoed tlw (brnM 
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tystem, and maintained that the loininoiis rays are 
really separated from the body of the sun, and the 
particles of light thence emitted with that inconceiv- 
able velocity which brings them down to us in about 
eight minutes. This opinion, which is that of most 
moderii philosophers, particularly the English, is 
called Ine rj/ttem of emanalum — It being imagined 
that rays emanate from the film and other luminoiia 
bodies, as water emanates or spring from a founlaiD. 
This opinion appears at first sight very bold, and 
irrecoucilabie to reasou. For were the sun emitting 
continually, and in all directions, such floods of lu- 
minous matter, with a velocity bo prodigious, he must 
speedily be exhausted ; or at least some alteration 
must, after the lapse of so many ages, be perceptible. 
This, however, is contradicted tiy observation, it 
cannot be a matter of doubt, that a fountain which 
should emit streams of water in all directions would 
be exhausted in proportion to the velocity of the 
emission ; much more the sun, whose rays aie emitted 
with a velocity so inconceivable. Let the particles 
of which rays of light aru formed be supposed as 
subtile as you please, nothing will be gained: the 
system will ever remain equally untenable. It cannot 
be affirmed that this emanation is not made m all 
directions ; for wherever you are placed, the whole 
sun is visible, which proves incontestably tbat rays 
froin ererv point of the sun are emitted towards the 
spot which you occupy. The case is very different 
from that of a fountain, which should emit streams 
of water in all directions. For one point in the 
fountain could furnish only one stream directed to a 
particular spot ; but every point of the sun's surface 
must emit an infinite number, diSusing themselves in 
all directions. This circumstance alone infinitely 
increases the expenditure of luminous matter, whict) 
tite son would have to make. 

Another difficulty, and which qipears eoually in-, 
snpenble, is, tbat tue sun is not the only body wtuch 
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teiita rays, but that all tbe Btars have the eama 
quality ; and aa everywhere the rays of the eun muat 
be croftsin^ the raya of the stars, their collision must 
be violent in the extreme. How must their direction 
be changed by such coUiaion ! This collision must 
take place with respect to all luminous bodies visible 
at the same time. Each, however, appears distinctly, 
without sufTering' the eUghteet derangemeut from any 
other — a certain proof that many rays may pass 
through the same point without disturbing each other, 
which seems irreconcilable to the system of emana- 
tion. Let two fouutains bo eet a playing upon each 



conaequence be ooncluded, that the motion of the 
nya of light is very essentially different tram that 
of a jet d'am, and in general from all substances 
forciUy emitted. 

Conaidering afterward transparent bodies through 
which raya are freely transmitted in all directions, 
the supporters of this avstem are under the necessity 
of affirming, that these DOdiea contain pores, dispos^ 
in straight linea, which issue from every point of the 
surface, and proceed in all directions; it being incon- 
ceivable how there could be any line through which 
a ray of the sun might be transmitted with such 
amazing velocity, aim even without the slightest 
coUision. Here then are bodies wtmderfuUy porous, 
which have the appearance nevertheleaa of being 
extremely soUd. 

Finally, in order to onjoy vision, the rays must 
enter into the eye, and penetrate its substance with 
the same veloci^. All theae difficulties taken 
together will, I doubt not, sufficiently convince you 
that the system of emanation has in no respect a 
foundation in nature; and you will certainly be 
astonished that it conld have been conceived by ao 
great 3 man, and embraced by so many enlightened 
philoaopheTs. Bat it ia long since Cieero renuirlco^ 
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thnt nothing so abiurd can be imagined as to find nd 
supporter among phlloaophere. For my own part, 
1 am too litile a pliiiosopher to adopt the opinion la 
question. 
7(A June, 1780. 



LETTER XVIII. 

DiffictilrtfM attending the System of ^Timaliort. 

HowEVBii strange the doctrine of the celebrated 
Nemimt may appear, that rays proceed from the sun 
by a continual emanation, it has, however, been so 
generally received, that it requires an effbrt of coo- 
rage to call it in qnestion. What has chiefly con- 
tributed to this is, no doubt, the hig^ reputation of 
the great English philosopher, who first discovered 
the true laws of the motiona of the heavenly bodies ; 
and it was this very discovery which led him to the 
system of emanation. 

Descartet, in order to support his theory, wa» 
tinder the necessity of filling the whole space of the 
heavens with a subtile matter, through which all the 
celestial bodies move at perfect litterty. But It is 
well known, that if a body moves in air it must meet 
with a certain degree of resistance ; from which 
JVetcion concluded, that however auhlile the matter 
of the heavens may be supposed, the planets must 
encounter some resistance in their motions. But, 
said he, this motion is not subject to any resistance : 
the immense space of the heavens, therefore, con- 
tains no matter. A perfect vacuum, then, universally 
Srevails. Tl}ie isoneof the teadingdoctrines of the 
leivtonian philosophy, that the immensity of the 
universe contains no matter in the spaces not occu- 
pied by the heavenly bodies. This being laid down, 
there is between the sun and us, or at least from thn 
sun down to the atmosphere of the eattb, an abst^ 
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lute r&cuiun. In truth, the futher we ascend, the 
more subtile we find the air to be ; from whence it 
would Bwaremly follow, that at length the air would 
t>e entirely loal. If the space between the sun and 
the earth be an absolute vacuum, it ia impossible 
that Ihe raya ahould reach na in the way of com- 
munication, SB the iound of a bell is transmitted by 
means of the air. For if the air intervenina; be- 
tween the bell and our ear were to be annihiTatedi 
we ebould absolutely hear nothing, let U>e beU be 
Btrock ever so violently. 

Haviog established, then, a perfect Tacunm be- 
tween the beBTenly bodiea there remains no other 
(nrinion to be ado|rted but that of emanation ; which 
crt>liged Ntttton to maintain, that the sun and all 
other luminous bodies emit rays which are always 
paiticlea, iofinitely small, of their mass,<darted &om 
them with incredible force. It mast be such to a 
■very high degree, in order to impress on rays of 
light tlukt inconceivable velocity with which they 
come from the sun to us in the utace of eight min- 
utes. But let us see whether ttiia theory be con- 
sistent with^ncion'j leading doctrine, which requires 
an absolute vacuum in the neavena, that the planets 
msy encounter no manner of resistance to their mo- 
tions. You must conclude, on a moment's reSection, 
that the space iq which the heavenly bodies reTOlve, 
instead of remajmni a mcuum, must be filled with 
th« rays, not only ottbe sun, but likewise of all tht. 
other stars which are continually passing through it 
ftom every Quarter, and in all directions, wiUi in- 
credible rapidity. The heavenly bodies which trav- 
erse these Hpaces.instead of encountering a vacaom, 
will meet with the matter of luminous rays in a 
tenible agitation, which must disturb these bodies 
in their motions muchmorethanif it were inaatate 

Thus Neaton, apprehensive leat a subtile matter, 
•uch as Desearltt imagined, sIkmiM disturb the mo- 
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tioQB of the planets, had recourse to a very strange 
expedient, and qnite contradictory to his own int«n- 
tioii, as, on his hypothesis, the planets must be ex- 
posed to a derangement infinitely more consi^enble. 
I have ah'eady submitted to you sereral other insu- 
perable objections to the system of emanation ; and 



J selT-contradictoTy as wholly to overturn it. 
All these considerations united, leave us no room 
to hesitate about the rejection of this strange system 
of the emanation of light, however respectable the 
authority of the philosopher who-invented it. 



NtiBian was without doubt one of the greatei 

Gniuses that ever existed. Hie profound kno« 
Ige, and his acute penetration into the most hid- 



den mysteries of nature, will be a Just object of 
admiration to the present and to every fiiture age. 
But the errors of this great man should serve to 
admonish us of the wetness of the human under- 
standing, which, aJter having soared to the greatest 
possible heights, is in danger of plunging into mani- 
fest contradiction. 
/ If we are liable to weaknesses and inconsistencies 
so humiliaitng, in our reeearches into the phenomena 
of this visible world, which lies open to the examina- 
tion of our senHes, how wretched must we have been 
had God left us to ourselvea with respect to things 
invisible, and which concern our eternal salvation! 
On this important article a revelation was absolutely . 
necessary to us ; and we ought to avail oarsetves 
of it with the most profound veneration. When it 
presents to us things which may appear inconceiv- 
able, we have but to reflect on the imperfection of 
human understanding, which ia so apt to be misled, 
even as to sensible objects. Whenever I hear a 
pretended freethinker inveighing against the truths 
of religion, and even sneering at it with the most 
arrogant self-suSciency, I ny to myself. Poor weaJi 
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mortal, how inexprewibly more noble and sublime 
are Ihe subjects which you treat ao lightly than 
those respecting which the great Neietvn wae so 
Iprosslv mjstakea ! I coukl wish your h^hnesa to 
keeptnis reflection ever in remembrance; occasions 
for making it occur but too Trequently. 
10(A JwK, 1760. 



LETTER XIX. 



You have seen that the ^ateni of the emaaation 
of the rays of Ught labours under insuper^le diffi- 
culties, and that the doctrine of a vacuum for the 
heavenly bodies to range in is equally untenable, as 
the rays of light would completely RU it. Two 
things, then, must be admitted; first, the space 
through which the heavenly bodies move is filled 
with a sublile matter; secondly, raya are not an 
actual emanation from the sun and other luminous 
bodies, in virtue of which part of their substance is 
violently emitted from them,' according to the doc- 
trine of NexBton. 

That subtile matter which fills the whole space in 
which the heavenly bodies revolve is called ether. 
Of its extreme ai^tilty no doubt can be entertained. 
In order to form an idea of it, we have only to 
attend to the nature of air, which, though extremely 
subtile, even on the surface of the earth, becomes 
more and more so as we ascend ; and entirely ceases, 
if I may use the expression, when it comes to be lost 
in the ether. The ether, then, is likewise a fluid as 
the air is, but incomparably finer and more subtile, 
as we are assured tnat the neavenly bodies revolve 
freely through it, without meeting any perceptible 
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It is also, without doabt, possessed of 
elasticity, by means of which it has a tendency' to 
expand itself in all directions, and to penetrate into 
spaces where there would otherwise be a vacuum ; 
80 that if by some accident the ether were forced 
out of any space, the surrounding fluid would in- 
stantljr rush m and GU it again. 

In virtue of this elasticity, the ether is to be foond 
not only in the regions which afe above our atmo- 
sphereiDut It penetrates the atmosphere universally, 
insinuates itself by the pores of all bodies, and passes 
irresistibly through thera. Were you, by the help 
of the air-pump, to exhaust the ait from a receiver, 
you must not imagine that you have produced an 
absolute vacuum ; for the ether, forcing itself through 
the pores of the receiver, completely fills it in an 
instant. Having filled a glass tube of the proper 
length with mercury, and immerged it« when in- 
verted, in the cisten), in order to make a barometer, 
it might be supposed that the part of the tnbe which 
Is higher than tne mefcury is a vacuum, because the 
nit is completely excluded, as it cannot penetrate 
the pores of glass ; but this vacnum, which is appa- 
rent only, is undoubtedly supplied by the ether, in- 
sinuating itself without the smallest difficulty. 

It is by this sublilly and elasticity of ether that I 
eboll by-and-by exjilain to you the remarkable phe- 
nomena of electricity. It is even highly probable 
that ether baa an elasticity much superior to that of 
air, and that many of the phenomena of naftfre are 
produced by means of it. For my own part, I haVc 
no doubt that the compression of the air in gun- 
powder is the effect of the elastic power of ether. 
And as we know by cKperilnent that the air in it is 
condensed almost 1000 times more than common 
air, and that in this state its elasticity is likewise 
1000 times greater, the elasticity of the ether must 
In this case be so too, and consequently 1000 time* 
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greater than that of cotnmon air.* We shall then 
nave a juat idea or ^ther, in considering it aa a fluid 
ia many respects einiilar to air, with this difference, 
that ether la incomparably more subtile, and more 
elastic. 

Having seen Uien that the air, by these veiy qaali- 
ties, is in a proper state for receiving the agitations 
or shakings of sonorous bodies, and to diffuse them 
in all directions, as we find in the propagation of 
sound, it is very natural to suppose that ether may 
in the same circumstances hkewise receive agit^ 
lions in the same manner, and transmit them to the 
greatest distances. As the vibrations of the air pro- 
duce louruf, what win be the effect of those of ether) 
You will undoubtedly guess at once light. It ap- 
pears in tnith abundantly certain, that light is with 
respect to ether, what sound is with respect to airj 
and that the rays of Ughl are nothing else but the 
shakings or vibrations transmitted by the ether, as 
sound consists in the shakings or vibrations trans* 
niitted by the air. 

The sun, then, loses nothing of his substance in 
this case, any more than a beU in vibrating ; and, in 
adopting this system, there is no reason to appre- 
hend that the mass of tbis orb shouM ever suffer any 
diminution. What 1 hav* said of the sun must also 
be extended to all luminous bodies, such as Gie, a 
wax taper, a candle. Sic. 

It will undoubtedly be objected, that these terres- 
trial luminaries evidently waste, and that unless 
they ate continually fed and kept up, they will be 
speedily extinguished; that consequently the son 
must in time be wasted away, and that the parallel 



1 
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of a bell is not accurate. But it is to be considered, 
[hat these fires, besides their light, tlirow out smoke, 
and a oreat deal of exhalation, which must be care- 
ftiliy distinguished from the rays of light. Now the 
bmukc and exhalation evidently occasion a consid- 
erable diminution, which must not be imputed to the 
rays of light ; for were it possible to separate them 
from the smoke and other exhalations, the lutninons 
quality alone would occasion no expenditure. Mer- 
cury mBV, by means of art, be rendered luminous, 
MS you have probably seen, and that without any 
diminution of its substance, which proves that light 
alone produces no waste of luminous bodies.* Thus, 
though the sun illuminates (he whole world by his 
rays, he loses nothing of his own substance, his 
li^t being only the effect of a certain agitatioo, 
or violent concussion of his minute particles, com- 
municated to the adjoining ether, and thence trans- 
mitted in all directions by means of this fluid to the 
remotest distances, as a bell when struck communi- 
cates its own agitation to the circumambient air. 
The more we consider this parallel between sono- 
rous and luminous bodies, the more we shaD find it 
confonnable to nature, and justiiiable by experience ; 
whereas the more we attempt to reconcile the phe- 
nomena of natnre to the fystem of emanation, the 
more difficulties we encounter.t 
H(A June, 1760. 
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LETTER XX. 

Of AU Propagatimi of Light. 

• Tbh propagation of light in the ether is produced 
in a maimer similar to that of sound in the air ; aad 
just as the vibrations occasioned in the particles of 
air constitute sound, in like manner the vibration 
of the particles of ether constitutes light or lumi- 
nous rays ; so that tight U nothing tUe but an agita- 
tion or conciarion of We particU* of ether, which is 
ererywhere to be found, on account of its extreme 
Bubtuty, in virtue of which it penetrates all bodies. 

These bodies, however, moilify the rays of light 
in many dillbrent ways, by transmitting or stopping 
the propagation of the concussions. Of this I ahall 
trert at large in the sequel. I confine myself at 
present to the propagation of rays in the ether itself, 
which fills the immense space in which the heavenly 
bodies revolve. There iKe propagation takes place 
in perfect libertT. The first thing which here pre- 
sents itself to the mind is the prodigious velocity 
of the rays of light, which it about 900,000 times 
more rapid than that bf sound, though itiia last 
travels no less than HOC feet in a second. . 

This amazing velocity would be sufficient of itself 
to overturn the system of emanation ; but in that 
which 1 am attempting to establish, it is a natural 
consequence, Arohi the principles laid down, as I 
hope to demonstrate. They are the same with those 
on which is founded the propagation of sound in the 
air ; and this depends at once on its density and elas- 
ticity. It is evident, that if the density at air were 
, diminished, sound would be accelerated ; and if the 
elasticity Of the air were increased, the same thing 
would happen. If the density of the air diminished, 
and its elasticity increased at once, we should have 
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a twoffdd reason for the increase of the velocity 
of BOuni). Let UB conceive, then, the density of the 
air diminiahed, and its elasticity increased, til) its 
density and elasticity became equal to those of ether, 
- ' " e should then no longer be surprised that the 



velocity of sound had become mai^ thousands of 
times neater than it actually is. For you will be 
pleased to remember, that according to the first 



ideas we formed of ether, this fluid must be incon- 
ceivably rarei and more elastic than air. Now both 
of these (jualities equally contribute to accelerate 
the velocity of vibrations. From this explanation, 
the prodigious velocity of light ia so far from pre- 
sentmg any thing irrec(»icilable to reason, that it 
rather perfectly haimonizes with the principles laid 
down; and the parallel between light and sound is 
in this respect ao firmly established, that ws may 
confidently maintain, that if air should become as 
subtile and as elastic as ether, the velocity of sound 
would become as rapid as that of light. 

The subtilty of ether, tiien, and its great elas- 
ticity, are the reason which we assign for the pro- 
digious velocity of the motion of light ; and so long 
as the ether preserves this aame degree of subtilty 
and elasticity', this velocity must continue the aame. 
Now it cannot be doubted tint the ether has, through 
the whole universe, the same subtilty and the same 
elasticity. For were the ether less elastic in one 
place than in another, it would force itself into it 
till the equilibrium was perfecily restored. The 
light of the stars, therefore, moves with as great 
velocity as that of (he sun ; and as the stars are at 
amuchgreater distance from us than the sun, a much 
greater quantity of time is requisite to transmit their 
rays to us. However great the distance of the sun 
may appear, whose rays, nevertheless, reach tho 
surface of our globe in eight minutes, the fixed star 
nearest to us is at least l(>a,000 times more distant 
than the ^un ; a ray of light issuing from that atar 
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will employ then 400,000 times eight minutes in 
trareUing to us, that is 53,333 honn, or 2,822 days, 
ot six yean nearly. 

It is then upwards of six years since the rays of 
light issned from that Gied star, the least remoLe, 
and probably the most briUiant, in order to render it 
visible to us ; and these rays have employed a period 
so considerable to fly through the space which sepa- 
rates us from that star. Were God just now to 
create a new fixed star at the same distance, it could 
not become visible to us till more than six years had 
elapsed, as iia rays require that length of time to 
travel this distance. Had one been created at the 
beginning of the world a thousand times more dis- 
tant than that which I have mentioned, it could not 
yet be visible to us, however brilU ant, as 6DO0 years 
are not yet elapsed since the creation. The first 
preacher of the court of Brunswick, Mr. Jerusalem, 
has happily introduced this thought in one of his 
sermons. The passage runs thus :— - 

" Raise your thoughts from the earth which you 
inhabit, to all the bodies of the vast universe, which 
are so far above you ; launch into the immensity of 
space which intervenes between the most remote 
which your eyes are ^le to discover, and those 
whose fight, from the moment of creation till now, 
has not as yet, perbaps, come down to us. The im- 
mensity of the Kingdom of God justifies this repre- 
sentation." (ScrnMn on lie Heavens, and EtenuU 
Beatitude.) 

I Batter myself that these reflections will excite a 
desire of further instruction respecting the system 
of li^t, from which is derived the theory of colours 
and of vision. 

17M /mm, 1760. 
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LETTER XXI. 



Tbb observations which I have heen making re> 

Secting the time which the light of the stars em. 
oys in making its prt^ress down to us conrey a 
striking idea of the extent and greatness of the u 



with nearly the first standard of measurement. It 
is about SDOO times more rapid than the pace of a 
roan who ta a good walker. Now the velocity of 
Uie rays of light is 000,000 times atill more rapid 
than that of sound : these rays accordingly perfonn 
every second a course of 900,000,000 of feet, ot 
170,000 English miles. t 

What astonishing velocity! Yet the nearest fijied 
star is so remote, that its mys, notwithstanding this 
prodigious velocity, would take more than six yean 
m descending to us. And were it possible for ■ 
great noise, such as that of (he firing of n camon, 
issuing from that star, to be conveyed to our ears, it 
would tequire a period of 5,400,000 years to readi 
us. And this is applicable otdy to those stars which 
are the most brilliant, and are probably nearest to 
us. Those wliich appear the smallest are very prob- 
ably ten times still farther remote, and more. A 
whole century, then, at least, must elapse before the 
Tays of these stars could possibly reach us. How 
prodigious must that distance be which cannot be 
passc^l through in le«s than 100 yean, by a velocity 
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which flies nt the rate of 1 70,000 English milea ererf 
second ! 

Were, then, one of these stars to be just now an- 
nihilated, or eclipsed only, we should still continue 
to see it for 100 yeara to come, as the last rays which 
it emitted coiild not reach us in less time. 

The generality of mankind is very far from having 
any thing hke just ideas respecting the vast exleid 
of the universe. Many oonsider it as a work of 
little importance, which chance alone mii^ht have 
produced. But what must be the astonishment of 
one who reflects, on observing that all these immense 
bodies are arran^^ with the most consummate wis- 
dom ; and that the more knowledge we acquit« on 
the subject, though it must ever be very impetfect, 
the more we must be disposed to admire thejr oi^r 
and magnificence ! 

I return to the great luminous bodies, and particu- 
larly the Hun, which is the principal source of the 
light and heat which we enjoy on the earth. It will 
be asked, in the first place, wherein consists the 
light which the sun is incessantly difTusing throua^ 
the whole universe, without ever suffering the anuA- 
est diminution 1 The answer is obvious, according 
to the system which I have been endeavouring to 
establish. Bnt that of emanation furnishes no 
satisfactory solution. The whole universe being 
filled with that extremely subtile and elastic fluid 
which is called ether, we must suppose, in all the 
parts of the sun, an incessant agitation, \>y which 
every particle is in a constant motion of vibration; 
and this, by communicating itself to the circum- 
ambient ether, excites in that fluid a similai agi- 
tation, and is thence transmitted to regions the 
most remote with the rapidity which I have been 
describing. 

And to keep up the parallel between sound and 
light, the sun would be in a state similar to thatof a 
bell which sbouhl be ringing continually, ^he par- 
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ticlee of the Bun must consequently be kept in thi» 
incessant ablation, to produce in the ether the un- 
dulations which we call rays of light. But it is still 
no easy matter to explain by what power this agita- 
tion in the particles of the sun is constantly kept up, 
as we obserre that a match does not Ion); continue 
burning, but presently goes out, unless it be supplied 
with combustible matter. But it must be remarked, 
that as the sun is a mass many thousand times 
greater than our whole globe, if it is once thoroughly 
inflamed, it may continue in tliat state for severiu 
^ea without suffering any sensible diminution. Be- 
sides, the case is not the same with the gun and our 
fires and candles, a considerable part of whose sub- 
stance is dissipated in smoke ana exhalations, from 
which a real waste results. Whereas, though per- 
haps some particles may be forced from the sun in 
form of smoke, they cannot remove to a great dis- 
tance, but speedily fall back into its mass, so that 
there cannot be any real expenditure to occasion a. 
diminution of his substance. 

The only thing of which we are still ignorant re- 
specting this subject is, the power which incessantly 
maintains all the particles of the sun in this agita- 
tion. But as it contains notlilng inconsistent with 
good sense, and as we are under the necessity of 
acknowledging our ignorance of many other thmga 
much less remote than the sun, we ought to be sat- 
isfied if our ideas are not involved in .contradiction. 

81ft June, 1760. 
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LETTER XXII. 

Elneidalioas on the Nature of Luimnmis Bodies, tmd 
I their Difference from Opaque Bodies iilwniped. 

Tbi Bun being a liimiQOus bod^, whose rays are 
univerBally ditAieed iii all directione, you can no 
longer be at a loss to account for this wonderful phe- 
nomenon, which consists in the shaking or vibr^ion 
with which all the particles of the Bun are agitated. 
The parallel of a. bell tends considerable assistance 
towwls the explanation of this fact. But it ie ob- 
vious that the vibrations produced by light must be 
much more vehement and rapid than those produced 
by sound, ether being incomparably more subtile 
than air. A feeble agitation not being capable of 
shaking the air so as to produce sound in it, that of ' 
a bell, and that of all other sonorous bodies, are too 
feeble relatively to ether to produce in it the vibra- 
tion which constitutes light. 

Vou will recollect, th^ in order to excite a per- 
ceptible sound, more than 30, and less than 7553 
vibrations muai be produced in a second ; the air 
being loo subtile to admit of a sensible elTect from a 
sound consisting of less than 30 vibrations in a sec- 
ond, but not sufficiently so to receive one of more 
than 756S vibrations in tlie second. A note higher 
than this could not be at alt heard. It is the same 
with respect to ether: 7552 vibrations produced in 
a second could not possibly act upon it, because of 
its greater subtilty. It requires vibrations much 
more frequent. An agitation so rapid could not 
take place but in the minutest particles of bodies 
which elude our senses. The light of the sun, then, 
is [ooduced by a very violent agitation, which affects 
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an his infinitely minute particleB, each of which must 
shake many thous^ide of tinms every second. 

It IB a similnj agitation which hkewise produces 
the light of the fixed Htars, and at all Urea, eucb as 
candles, tapers, torclies, &c., which give ue light, 
and supply the place of the sun during the night. 
On attentively observing the flame of a wax-light, 
you will easily perceive, that in the minutest parti- 
cles, there is a constant and surprising agitation; 
and I do not apprehend that my system is liable on 
this side to any contradiction, while that of Newton 
requires a more enormous agitation, capable of 
launching the minutest particles with the velocity 
of 170,000 English miles in a second. 

This, then, is the explanation of the nature of 
bodies luminous of themselves : for there are lumi- 
nous bodies which are not so immediately, such as 
the moon and the planets, which are similar to our 
globe. We see the moon only whch and in as far 
as she is illuminated by the sun; and this is Uie 
case of all terrestrial bodies, fires excepted, which 
have a hght of their own. But other bodies, which 
are denominated opaque, become visible to us only 
when they are illuminated by some luminous body. 

In a very dark night, or in an apanment so cloae^ 
shut on every side that no light can find admission, 
to no purpose will you turn your eyes towards the 
objects which surround you m the dark: you per- 
ceive nothing. But the moment a taper is intro. 
duced, you immediately see, not the taper only, but 
the other bodies which were before invisible. We 
have here, then, a very essential difference between 
luminous and opaque bodies. 1 have already em- 
ployed the term opaque to denote bodies which are 
not transparent ; out it comes to almost the same 
thing ; and we must accommodate ourselves to the 
comhion modes of expression, though ihey are not 
perfectly accurate. Luminous bodies are viaible by 
their own light, and never affect oar organs of sight 
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more than when the dni^neas is otherwise nuMt pro- 
found. Those which 1 here denominate opaque are 
rendered Tiaible to us only by means of a light that 
is foreign to them. We perceive them not while 
they remain in darkness ; but as soon as they aje 
expoaad to a Inminous body, whose rafs strike upon 
them, they become visible ; and they disappear the 
moment that foreign light is withdrawn. It is not 
even necessary that the rays of a luminous body 
should fall upon them immediately; another opaque 
body, when well illuminated, produces nearly the 
same effect, but in a feebler manner. 

The moon is an excellent instance. We know 
that the moon is an oygue body ; but when she ia 
illuminated bythesuffand we see her during the 
night, she dinuses a feeble light over all opaque 
bodies, and renders visible to us those which we could 
not- have perceived without her assistance. Placed 
in the daytime in an apartment whose aspect is 
towards the north, and into which, of course, the 
rsya of the sun cannot enter, it is, however, per- 
fectly clear, and I am able to distinguish every ob- 
ject. What can be the cause of ihia clearness, but 
that the whole heaven is illuminated by the suni 
What we call the azure sky, and, besides, the walls 
opposite to my apartment, and the other surround- 
ing objects, are hbewise illuminated, either imme- 
diately by the sun, or mediately by other opaque 
bodies, exposed to the action of that focus of light ; 
and the light of all these opaque but illuminated 
bodies, as far as it has admission into my apartment, 
renders it luminous, and that in proportion as the 
windows are high, wide, and well placed. The glass 
is little or no interruption, being, as I have already 
remarked, a transparent body, which freely trans- 
mits the rays of Ught. 

When I completely exclude the light from the 
apartment by closing the wipdow-shutters, 1 am re- 
duced to a state of darkness, and discern no object,^ 
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unless I call for a candle. Here then is an esseatial 
difference between luminous and opaque bodies ; 
and likewise a very striking resemblance, namel}', 
that opaque bodies, when illuminated, iltuniinale 
other opaque bodies, and produce in this respect 
nearly the same cflect as bodies luminous of them- 
selves. The explanation of this phenomenon has 
hitherto greatly perplexed philosophers ; but I flatter 
" ' ' " 1 of it )ms been clear and 



hitherto greatly perpl 
myself that my soli 



BiFOBE I attempt an explanation of the phenome- 
on of opaque bodies becoming; risible when they 
are illuminated, it must be remarked in general, tlut 
we see nothing but by means of the rays which enter 
into our eyes. When we look at any object what' 
ever, rays issuing from every point of that object, 
and ent'erin;^ into the eye, paint upon it, if I ma^ 
use the expression, the image of the object. This is 



.r of any animal recently killed, and, after having 
uncovered the bottom, you find all the objects which 
were before it painted there. As oHen then as we 
see an object, the image of it is painted on the bot- 
tom of our eyes: and this is produced by the rays 
which proceed from the object to us. 1 shall aher- 
ward take occasion to go into a more minute detail 
on the subject of vision, and explain in what manner 
the images of objects arc formed on the bottom of 
tiie eye: let this general remark suffice for tiie 
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As we see opaque bodies only when they are ilhi- 
tninated, this is a proof tiiat thercmust proceed 
from every point of these bodies rays of light which 
sutffiist only during the illumination. The moment 
they are placed in the dark these rays disappear. 
The^ are Ddt proper then to opaque bodies i their 
oriem must be soukhl in the manner in which other 
boiEes illuminate tnem.' And this is the great ques- 
tion, how illumioaiion alone is capable of producing 
ray» on opaque bodies, or of putting them in nearly 
the same state as luminous bodies are, which, by an 
agitation in their minutest particles, produce rays of 
light 1 

The great Nevtoa, and other philOBOphers who 
have esamined the subject, assign rejteftiim as the 
cause of this phonom<;non : it is therefore of the 
highest importance that you should form a just idea 
of what is called roDection. 

This name is given to the repulsion of one body 
struck against another, as may be seen in the game 
of blUia^s. When the ball is struck against the 
cushion or ledge of the billiard-table, it recoils again ; 
and this retrograde motion ia termed reflection. It 
is necessary here to attend to a distinction between 
two cases. I^et us suppose A. B, 
fl^'-tobetheledgeofabiUiard- 
table. The first case is this:- 



F'g.y. 
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pendicularly against the li 
in the direction of D C, per- 
pendicular to A B, consequently 
the adjacent angles A C D and 
B C D are right angles : in this ^ 

case the ball will be driven back 
or reflected in the same line D C. The other case is, 
when the ball is played obliquely against the ledge, 
suppose in the line E C, forming with A B an acute 
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in the direction of the line C F, so that this line 
shafl make on the other side, with the ledge B C, m 
angle B C F, exactly equal to the angle ofincidetice 
ACE. This angle B C F, formed by the line in 
which the ball recoils, is called Uie angle of reflec- 
tion. And this law always takes place when a body 
in motion meets with an obstacle. 

A cannoQ-baJl shot against a wall sufficiently 
strong to resist it is reflected conformably to this 
law. It extends, in like manner, to sounds which 
are frequently reflected from certain bodies ; and you 
know that this reflection of sound is called echo. It 
cannot be doubted, that the same thing frequently 
takes place with respect to the rays of light. The 
objects which we see it> iqirroi's are represented to 
us by the reflection of rays, and every well poUshed 
surface reflects the rays of light which fall upon it. 
It is imdoubtodly certain, therefore, that there are 
cases without number in which the rays that fall on 
certain bodies are reflected; and philosophers have 
thence taken occasion to maintain, that opaque bodies 
are rendered visible by means of reflected rays. 

T see just now houses opposite to my windows 
which are illuminated by the sun. Accotding, then, 
to the opinion of those philosophers, the rays of the 
siui falhng on the surface of these houses are re- 
flected from them ; they enter into my apartment, 
and render these houses visible to me. - In the same 
manner, if we believe those philosoirfiers, the moon 
and the planets t>ecome visible, and these Eire unques- 
tionably opaqne bodies. The rays of the sun which 
fall on these bodies, and illuminate the parts which 
are exposed to them, are reflected, and are thence 
truvimitted to uh, Just as if the bodies were lumiuous 
of themselves. According to this opinion, we see 
the moon and the planets only by the rays of the sun 
which they reflect ; and you must frequently have 
heard it itflirmed, that the light of the moon ie a re- 
flection of the light of the sun. In the same raanneTf 
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say they, the rays of the sun are reflected by the 
first opaque bodies which are exposed to them, on 
other bodies ofthe same nature, and undergo a series 
of similar reflections, till they are entirely weakened. 

But however plausible this opinion may at first 
sight appear, it inTOlves so many absurdities when 
closely examined, that it is absolutely nntenable, 
which I hope to demonstrate, as a preparation for 
the true solution of this phenomenon. 

S8(A June, 1760. 



LETTER XXIV 
Emntirtaliim and Reflation of Nae^n't Syttem, 

I ArruH, then, that when we see an opaque body 
iOmninated by the sun, it is impossible to maintain 
that it reflects luminous ra^s, and that by means of 
such raya it is rendered visible to us. The example 
of a mirror, which undoubtedly reflects the rays, and 
is employed to support this opinion, rather confutes 
it. Tiie mirror, beyond contradiction, sends back 
the rays which fall upon it ; but when these reflected 
rays enter into our eyes, what do they represent! 
You will readily answer, tliat it is not the mirror, 
but the objects from which they originally proceeded, 
and the reflection does nothinK else but enable ns to 
see these objects in another place. Besides, we see 
those objects, not on the surface of the mirror, bnt 
rather within it ; and it may be said with truth, that 
the mirror itself remains invisible to us. 

But, on looking at an opaijue body illuminated by 
the sun, we do not see in it the image of that glo- 
rious orbi we see only the surface of the bodies, 
with all'the variations to be found on them. We per> 
cejve, then, a very essential diffference between the 
rays which are reflected fh)m a mirror, and those by 
pieans of which opaque bodies are rendered visible. 
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But there is, besides, another diflerence equally pial- 
p^le ID the minor ; for on changing the pWe of 
the objects, or our own situation, tiie appearance 
w^ always change, and the Tays reflected from the 
mirror will continually represent to oui eyes other 
images, corresponding to the nature and position of 
the objects, ana to the place where we are stationed ; 
but, as I have already said, these reflected rays never 
represent to us the mirror itself. 

Now, let a bodv be illuminated by the sun, or 
other bodies, whether luminous or opaque, already 
illuminated ; in whatever manner this body may 
change its place, or we change ours relatively to it, 
its appearance is always the same ; we see always 
the sameobjeat, and remark -tn it no change relative 
to the different circumstances above mentioned. 
This famishes a new proof that we do not see opatjue 
bodies by means -of the rays reflected from their 
surface. 

An objection will perhaps be started, drawn from 
the dove's neck, and certain kinds of stufl', which 
present different objects according as our point of 
view changes. But this in no respect weakens my 
conclusion with regard to ordinary opaque bodies, 
which are not subject to this change. The objection 
only proves, that these singular objects are endowed 
with certain qualities; as, for example, that their 
minuter particles are finely polished, and that « real 
reflection takes place, besides the usual and ordinary 
manner in which bodies are rendered visible to us. 

Now, it is easy to comprehend, that this reflection 
must be clearly distinguished from the manner in 
which ordinary opaque bodies are illuminated. 

Finally, the rays reflected from a mirror always 
represent to us, likewise, the colours of the bodies 
from which they origjnallv proceed ; and the mirror 
wtiichreflects makes no change in this respect One 
opaque body, illuminated by any other body, in what< 
ever maimer, always preaents uie same colours ,- and 
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eTeiy body may be said to have its proper colonr. 
"niis circumstance absolutely orerturns the opinion 
of hU those who maintain that we see opaque bodies 
tiy means or the rays which their surface reflects. 

Putting together all the reasons which I have now 
submitted to your consideration, there can be no 
hesitation in pronouncin;; that this opinion is totally 
untenable in philosophy, or rather, in physics. I 
cannot, howerer, flatter myself wiUi the hope, that 
philosDphers.weddedtoopinionsonce adopted^ should 
yield to these reasons. But the naturalist, who is 
more nearly related to the mathematician, will have 
less difficulty iu resigning an opinion overthrown 
by reasons so convincing. You will again recollect 
what Cicero has said on this subject : That nothing 
so absurd can be conceived as not to be eupported 
by some philosopher. In fact, however strange the 
system which I have been refuting may appear to 
you, it has hitherto been propagated and aefended 
with much warmth. 

It is impossible to say to what a degree the diffi- 
culties and contradictions which 1 have been en- 
deavouring to expose were unknown to, or over- 
looked by, the partisans of this system. The great 
Ntwton himself strongly felt their force ; but as he 
rested in a very untenable idea respecting the propa- 

Sation of light, it is not to be wondered at that 
e should overlook these great difficulties ; and, in 
general, depth of understanding does not always 
prevent a man from falling into abBurdity in sup- 
porting an opinion once emoraced. 

But if this system, that opaque bodies ate rendered 
visible by reflected rays, be false, say its partisans, 
wliat then is the true one1 They even think it im- 
possible to imagine another explanation of this phe- 
nomenon. It is, besides, rather hard and humiUating 
for a philosopher to acknowledge ignorance of any 
subject whatever. He would rather maintain the 
gioBseat absurditiea ; especially if he poMossas the 
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secret of involvini; tbem in niyaterious termb, which 
no one is capable of comprehending. For in this 
case the vulgar are Ihe mote disposed to admire tlie 
learned ; taking it for granted tl^t what is obscnrily 
to others is perfectly clear to Iheni. We ou^l 
always to exercise a little mistrust when very sub- 
lime knowledge is pretended to — knowledge too 
sublime to be rendered intelligible, I hope I shall 
be able to explain the phenomenon in question, in 
snch a way as lo remove every difficulty. 
Ut July, 1760. 



LETTER XXV. 



d become vitMt. 

All the phenomena of opaque bodies, wluch I 
have unfolded in the preceding Letter, inconteetably 
demonstrate that when we see an opaque body illu- 
minated, it is not by rays reflected from its surface 
that it becomes visible, but because its minuter par- 
ticles are in an agitation similar to that ofthe minuter 
particles of lummous bodies ; with this difference, 
however, that the agita.tion in opaque bodies is far 
from being so strong as in bodies luminous of them- 
selves; for an opaque body, however much illumi- 
nated, never makes on the eye an impression so lively 
as luminous bodies do. 

As we see the opaque bodies themselves, bat by 
no means the images of the himinons bodies whicn 
enlighten them, as must be the case if we saw them 
by the reflection of their surface, it must follow 
that the rays emitted by opaque bodies are proper 
to them, just as the rays of a luminous body are 
peculiar to itself. As long as an opaque body is 
illuminated, the minuter particles of its aiu-face are 
in a state of agitatiou proper to produce in the ether 




DPAflUR BODIES ILLUMINATED. 103 

a motion of vibration such aa ia necessary for fbrm- 
ing rays, and for painting in our eyea the image 
of the body from which they proceed. For this 
effect, rays miiat be difliised from every point of the 
surface, in ai! directions — aa experience evidently 
confinns. For, from whatever side we look at an 
opaque body, wo see it equally in all its poicita ; from 
which it fouows that every point emits rays in all 
directions. This circumstance essentially distin- 
guishes these rayf from such as are reflected, whose 
direction is always determined by that of the rays 
of incidence ; so that if the incident rays proceed 
from one single quarter, say the sun, the reflected 
rays can follow only one single direction. 

It must be admitted, then, that when an opaque 
body is illuminated, all the particles on its surface 
are put in a certain agitation, which produces rays, 
as ie the case with bodies luminous of themselves. 
.This agitation, likewise, is stronger in proportion as 
the li^t of the illuminating body is more intense. 
Thus the same body, exposed to the sun, is agitated 
much more violently than if, in a room, it Were illu- 
minated only by dayhght; or in the night>time t^ 
a taper, or b^ the moon. In the first case, its image 
is painted with mfich greater vivacity on the bottom 
of the eye than in the others, especially the last; 
the light of the moon being scarcely sufficient to 
enable us to distinguish, or toread, writing of a large 
size. And when the opaque body is conveyed into 
a close room, or into the dark, nothing is theo to be 
seen— a certain proof that the agitation in its parts 
has entirely ceased, and that they are now in a >tate 
of rest. 

In this, therefore, consists tlie nature of opaque 
bodies ; their particles are of themselves at rest, or 
at least destitute of the agitation necessary to pro- 
duce light. But these same particles are so dis- 
posed, that when illuminated, or struck with rays of 
light, they are immediately put into a certain agita- 




104 OPAQUE BODIEH ILLUMINATED. 

tion,or motion of Tibration, proper to proihice raya ; 
Etnd the more intense the light is 'which illuminkteH 
these bodies, the more violent also is this agitation. 
Aa long BS an opaque body is illuminated, it is in the 
s&me state as luminous bodies; its particles are 
affitated in the same manner, and are capable of ex- 
citing, of themselves, rays in the ether ; with this 
difference, that the agitation kept up in Imninous 
bodies by an intrinsic force subafatBalways of itself; 



whereas in opaqae bodies this agitation is only 
momentary, and produced by the motion of the light 
which illrnntnates them. 

This ejtplanation is consistent with every phe- 
nomenon, and labours under none of the difficulliea 
which determined us to abandon the other, namely, 
that founded on reflection. Whoever will take the 
trouble candidly to weigh all these reasons must 
admit their force. But a very great difficulty still 
remains to be solved: how comes it that illumina- 
tion simply can put the particles of an opaqae body 
into an agitation capable of producing rays : and 
that this agitation should always continue nearly the 
same, whatever difference there may be in the illu- 
mination ! 

I acknowlei^, that were it impossible to answer 
this question, it would be a great defect in my the- 
ory, though it would not amount to a complete 
refutation ; for it contains nothing contradictory. 
Supposing I were ignorant how illumination pro- 
duces an agitation in the particles of opaque booiea, 
this would only prove that the theory is incomplete ; 
and till it is demonstrated to be absolutely impossi- 
We that illumination should produce this efleet, my 
■ystem most eubaist. But I shall endeavour to sup- 
jay this defect, by showing you how illnmintitioa 
Witates the minutest particles of bodies. 

5rt Jtdy, 1760. 




0FA4UK BODIES ILLUKUMTEB. 



I^TTER XXVI. 

CorUinaalion of tht tame SuiijtcC. 

I lUTT undertaken to show how the iUumination 
of an opaque body must produce, in its minulest par- 
ticles, an agitation proper to excite the rays of l^t, 
which render that same opaque body visiUe. The 
parallel between sound and hght, which differ only 
in respect of less and more, light being tite same 
thing relattvely to ether that sound is relatively to 
air — this parallel, 1 say, wiU enable me to fulfil my 
engagement. Luminous bodied must be comparod 
to musical instruments actually in a state of vibra- 
tion. It is a matter of indifference whether this be 
the effect of an intrinsic or of a foreini power; 



must be compared to muaic^ instruments not i 
ose ; or, if you will, to strings which emit no sound 
' tilt they are touched. 

The question, then, being transferred from lixht 
to sound, iB resolved into this, Whether it be possible 
for the string of an instrument in a state of rest, 
irhen brought within the sphere of activity of th« 
Bound.of instruments in a state of vibration, to r»- 
ceire, in certain circumstances, some agitation, and 
emit sound, without being touched! Now this is con- 
flrraed by daily experience. If you take the trouble, 
during a concert, to attend to a particular string in 
proper tune, you will observe that string sometimes 
to tremble without having been touched, and it will 
emit the same sound as if it had been immediately 
put into vibration. This experiment will succeed 
stiU tietter, if the instruments strike the same note 
with the string. Consider attentively the strings 
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of a harpsichord not played upon, while a violin 
Btrikesthe note o, for example, and you »-itl observe 
on the harpeichoid the string of the same note begin 
sensibly to tremble, and even to emit sound, without 
having been touched ; some other chorda will like- 
vriae be agitated, particularly thoae nbicii are dis- 
tant an octave, a fifth, and even a third, provided tho 
instrument be perfectly in tune. 

This phenomenon is well known to mnaiciana; 
and Mr. Rameau, one ot the most celebrated French 
composers, established his principles of harmony 
upon it. He maintains that octaves, fifths, and thirds 
must be considered aa consonances, because one 
chord is apitated by the sound only of another chord 
which is m unison, or an octave, a fifth, or a. tljird 
Irom the first. Bnt it must be admitted that the 
principles of harmony are so well established by 
the simplicity of the relations which sounds have 
to each other, that they have no need of a new con- 
firmation. In truth, the phenomenon observed by 
Mr, Rameau is a very natural consequence from the 
principles of harmony. 

To render this more sensible, let as attend to two 
chords wound up to unison ; on striking the onfl, the 
other will begin of itself to tremble, and will emit 
its sound. The reason is abtmdantly clear : for as 
a choi^ communicates to the air by its treifibliog a 
motion of vibration similar to its own, the air, agi- 
tated bv this motion of vibration, must rec:proca% 
make the chord tremble, provided that by its dogree 
of tension it be susceptible of this motion. The air, 
being put into vibration, strikes the chord ever so 
little at every reverberation, and the repetition of 
fltrekes soon impresses on the chord a sensible mo- 
tion ; because the vibrations to which it is disposed 
by its tension accord with those of the air. If the 
number of vibrations in the air is the half, or the 
third, or any other whose relation is sufficiently 
simple, the chord does not receive a new impulse at 
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every vibration, as in the preceding case, but odRt 
at the second, or the third, or the fourth, which wiU 
continue to increase ita tremulous raotion, but leas 
than in the first case. 

But if the vibrations of the air have not any simple 
relation with that which corresponds to the chord, 
the agitation of that fluid will produce no effect 
whatever upon it ; the vibrations of the chord, if 
there be any, not corresponding to those of the fluid, 
the following impulsions of the air destroy for the 
most part the effect which the first might have pro- 
duced ; and this is completely confirmed by expe- 
rience. Thus, when a chord is shaJcen by s sound, 
that sound must, in order to its being perceptiUe, be 
precisely the same with that of the chord. Other 
sounds which have a consonance with that of the 
chord will produce, it is true, a similar but less sen- 
sible effect, and dissonances will produce none at all. 
This phenomenon takes place not only in musical 
strings, but in all si^iorous bodies whatever. One 

bellwiU 

which is 

octave, a fifth, or a third. 

The instance of a person who could break glasaea 
by his voice further confirms what 1 have advanced. 
When a glass was presented to him, by striking it 
he found out the note ; he then began to squall in 
unison, and the glass immediately caught the vibra- 
tion ; proceeding to give to his voice aU the force he 
was able, always preserving the unison, tiie vibration 
of the glass became at length so violent that it broke. 
It ia confirmed, then, by experience, that a chord and 
every other sonorous body is put into vibration by 
its kindred sound. The same phenomenon jnuat 
take place with regard to opaque bodies, of wluch 
the minuter particles may be put into a state of agi- 
tation by illumination only— which is the question I 
proposed to solve. The roiiowing Letter will con- 
tain a more ample discussion of it. 
8lhJul]/, 1760, 
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LETTER XXVII. 



Arm what has been just submitted to your con- 
sideration, you will no longer be surprised that an 
opaque body is capable of receiving from illumina- 
tion alone an agitation in its particles similar tolhat 
of the particles of luminous bodies, and which^fes 
them the property of producing rays that render them 
visible. Thus the f^eat objection to my explanatic»i 
of the Tiaibility of opaque bodies is happily removed; 
while the other theory, foimded on the reflection of 
rays, has to encounter difficulties which grow in pro- 
portion us YOU attempt to make a. more direct ap- 
plication of them to known phenomena. 

It is then an established tratli, that the particles 
of the surfaces of all bodies which we see imdergo 
an agitation similar to that of a chord in vibration, 
but their vUirations are much more rapid ; whether 
it be that this agitation is the effect of an intrinsic 
force, as in bodies luminous of themselves, or whe- 
ther it be produced by the rays of light which faU 
upon the bodies, that ia to say, by illumination, am 
■8 the case in opaque bodies. It is false, then, that 
the moon, beinjr an opaque body, reflects the rays of 
the sun, and that by meana of this reflected light she 
ia rendered visible to us, as is commouly understood. 
But the rays of the sun, falling on the surface of the 
moon, excite in its particles a concnssion.froRi which 
result the raya of the moon ; and these, entering into 
otir eyes, pamt its image there ; it is the same with 
the other planets, and with all opaque bodies. This 
agitation ofopaquebodies.when illumined, lasts only 
during the illumination which is the cause of it i toA 
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B8 loon aa an opaque body ceases lo be illnmined, it 
ceases to be visible. 

But is it not possible that this agitation, once im- 
pressed on the particles of an opaque body, may be 
for some time kept up, as we see that a string once 
■truck frequently continues to vibrate, though no 
new impression be made upon it 1 I do not pretend 
to deny the fact : 1 even l)elieve that we have ei- 
aiuples of it in those substances which Mr. MargiaflT 
presented to you, and which, once illumined, pre- 
serve their lig;ht for some time, though conveyed 
into a dark room. Tliis, however, ia an extraor- 
dinary case, the vibration of the minuter particles 
disappearing in all other bodies with the lilumina- 
lion which occasioned it. But this explanation, 
which thus far is perfectly self-consistent, leads me 
forward to researches of siill greater importance. 

It is undoubtedly certain, that we find an inJlnitB 
difference between the particles of opaque bodies, 
according to the variety of the bodies triomselves. 
Some will be more susceptible of vibrations, and 
others less, and others finally not at all so. This dif- 
ference in bodies occurs but too evidently. One, 
whose particles easily receive the impression of the 
rays which strike it, appears to us brilliant ; another, 
on the contrary, in which the rays scarcely produce 
any agitation, cannot appear luminous. Among seve* 
ral bodies, equally illumined, you will always remartc 
a great diifereitce, some beinir more brilliant than 
others. But there is besides another and a very re- 
markable difference between the particles ofopaqua 
bodies, respecting the number of vibrations which 
each of them, bemg agitated, will make in a certain' -. 

I have already obaerved, that this number mnat 
altrays be very great, end that the subtilty of ether 
ia euch as to require many thousands In a second. 
But ttie difference here may be endless, if some par- 
ticles, for ezamirie, should make 10,000 vibratioiu 

Vol. I.— K 
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in asecond, andothera 11,000, 13,000, 13,000, accord- 
ing to the smallness, the tension, and the elasticitr 
of each, as in the case or musical chords, in which 
the number of vibrations j^ven in a second may be 
varied without end ; and thence it is 1 have deduced 
the difference of high and low notes. As this differ- 
ence is essential in sounds, and as the ear is affected 
by it in a manner so particular as to render it Uie 
foundation of the whole theory of music, itcannot 
be called in question that a similar difference in the 
frequency of the vibrations of rays of light must 
produce « vaiiation as particular in vision. If, Cor 
example, a particle makes 10,000 vibrations in a 
secooa, and produces raye of the same species, the 
rays which enter into the eye will strike the nerves 
of Uiat organ 1D,D00 times in a second; and this 
effect, as well as the sensation, must be totally dif- 
ferent from those produced by a different particle 
which should make more or less vibrations in a 
second. There will be in vision a difference similar 
to that which the ear perceives on hearing sluurp or 
flat notes. 

You will no doubt be desirous to know into what 
this difference in vision is to be resolved ; and what 
different sensations correspond to the number, 
greater or less, of the vibrations produced in every 
body during a second. ! have the honour of infonn- 
ing you, that diversity of colours is occasioned l^ 
this difference ; and that difference of colour is to 
the oi^an of vision what sharp or flat sounds are to 
the ear. We have resolved, therefore, without going 
after it, the important inquiry respecting ihe nature 
of colours, which has long employed the attention 
of the greatest philosophers. Some of them have 
called it a modlflcation of light absolutely unknown 
to us. Descariea maintains, that colours are only a 
certain mixture of light and shade. Ntuitm ac- 
counts for difference of colour by tracing it up to 
the rays of the aun ; which, according to him. are a 
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red emanation, whose matter may be moi« or 
less subtile ; and Ihence settles the rays of all the 
colours, as red, yellow, green, blue, violet, &c. 

But as this system falls to pieces of itself, all that 
has been said respecting colours conveys no inform- 
ation ; and you are now clearly sensible, that the 
nature of each colour consists in the number of vi- 
brations produced in a certain time, by the particles 
which present them to tbe eye. 

12tk July, 1760. 



LETTEB XXVUI. 
^illur« of Colourt inparticvlar. 

The ignorance which prevailed respecting the 
true nature of colours has occasioned frequent and 
violent disputes amon^ philosophers ; each of whom 
made an attempt to shine, by maintaining a peculiar 
opinion on the subject. The system which made 
COtouTB to reside in the bodies themselves appeared 
to them too vulgar and too little worthy of a phi- 
losopher, who ought always to soar above the mul- 
titude. Because the clown imagines that one body is 
red, another blue, and another green, the philosopher 
could not distinguish himself better than by main- 
taining the contrary ; and he accordingly affirms 
that there is nothing real in colours, and that there 
is nothing in bodies relative to them. 

The Newtonians make colours to consist in rays 
only, which they distinguish into red, yelloui, grten. 
Hue, indtgo, and vioUl ; and they tell us that a body 
appears of such and such a colour when it reflects 
rays of that species. Others, to whom this opinion 
seejned aiisurd, pretend that colours exist only in 
ourselves. This ia an admirable way to coueeat 
ignorance; tbe vulgar might otherwise believe that 
the scholar was not better acquainted with the nature 




113 NATUBI OF 

of colours than themselves. But yoa will readily 
perceive that these alTected refinements are mere 
cavil. Every simple colour (in order to distinguish 
firoin compound colours) depends on a certain num- 
ber or vibrations, which are performed in a certain 
time ; so that this number of vibrations, made in a 
second, determines the red colour, another the yel- 
low, another the green, another the blue, and another 
the violet, which are the simple colours represented 
to IIS in the rainbow. 

If, then, the particles of the surface of certain 
bodies are disposed in such a manner, that being 
agitated they make in a second as many vibrations 
as are necessary to produce, for example, the red 
colour, I call such a body red, just ae the clown 
does; and I see nothing like a reason for deviating 
from the common mode of expression. And rays 
which make such a number of vibrations in a 
second may, with equal propriety, be denominated 
red rays ; and finally, when the optic nerve is af- 
fected by these same rays, and receives from tbem 
a number of impulsions, sensibly equal, in a second, 
we receive the sensation of the red colour. Here 
every thing is clear ; and I see no necessity for in- 
troducingdark and mysterious phrases, which really 
mean nothing. 

The parallel between sound and light is so perfect, 
that it holds even in the minutest circumstances. 
When 1 produced the phenomenon of a musical 
chord, which may he excited into vibration by the 
resonance only of certain sounds, you will please to 
recollect, that the one which gives the unison of the 
chord in question is the most proper to shake it, and 
that other sounds affect it only in proportion as they 
are in consonance wilh it. It is exactly the same 
as to light and colours ; for the different colours cor- 
respond to the different musical sounds. 

In order to display this phenomenon, which com- 
pietely confirm! my assertion, let a dark room ba 
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provided -, make a Bmall aperture in one of the shut- 
ters ; before which, nt some distance, place a hody 
of a certain colour, say a piece of red cloth, so that 
when it is illumined its rays may enter by the aper- 
ture into the darkened room. The rays thus trans- 
mitted into the room wilt be red, all other light 
being excluded ; and if you hold on the inside of the 
room, oppouile to the aperture, a piece of cloth of 
the same colour, it will be perfectly illumined, and 
its red colour appear very brilliant ; but if you sub- 
stitute in its place a piece of green cloth, it will re- 
main obscure, and you will hardly see any thing of 
its colour. If you place on the outside, before the 
aperture, a piece of green cloth, that wiUiin the 
chamber will be perfectly illumined by the rays of 
the first, and its green colour appear very lively. 
The same holds good as to all other colours : and 1 
do not Imagine mat a more convincing demonstra- 
tion of the truth of my system can be demanded. 

We learn from it, thut in order to illuminate a 
body of a certain colour, it is necessary that the 
rays which fall upon it should have the same colour ; 
those of a different colour not being capable of agi- 
tating the particles of that body. Thus is further 
confirmed by a well-known experiment. When the 
spirit of wine is set on fire in a room, you know that 
the flame of spirit of wine is blue, that it produces 
only blue rays, and that every person in the room 
appears very pale— their faces, though painted ever 
BO deep, have the aspect of deuth. Tlie reason is 
evident ; the blue rays not beinfj cap;<ble of exciting 
or putting in motion the red colour of the face, you 
see On it only a feeble and bluish colour; but if one 
of the company is dressed in blue, such dress will 
appear uncommonly brilliant. Now the rays of the 
sun, those of a wax taper, or of a common candle, 
illuminate all bodies almost equally ; from whence 
it is concluded that the rays of the sun contain all 
colours at once, though he himself appears yellowisli 
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In tinth, whea ^ou admit into a dark room the 
rays or ail the simple colourst red, yellow, ffreen, 
blue, and violet, in nearly equal quantities, andblend 
them, they represent a whitish colour. The same 
experiment is made with various powders, coloured 
in like manner ; on being mixed together, a whitish 
colour is the result. Hence it is concluded, that 
white is not a simple colour, but that it is rather a 
compound of all the simple colours ; accordingly we 
see that white is adapted to the reception of all 
colours. As to black, it is not properly a colour. 
Every body is black when its particles are such 
that it can receive no motion of vibration, or when 
it cannot produce rays. The want of rays, there- 
fore, produces ttie sensation of that colour ; and the 
more particles there are found in any body not sus- 
ceptible of any motion of vibration on its surface, 
the more blackish and obscure it appears,* 

IWAJirfy, 1780. 
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I HATi already remarked that there are bodies, 
such as glfiss, water, and especially air, which trans- 
mit the rays of light, and on account of this prop- 
erty are denominated pellucid or diaphanous. The 
ether, however, is the medium in which the rays of 
light are formed, to which this property most inti- 
mately appertains ; and other transparent bodies are 
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endowed wHh it only by meuu of the ether which 
they contain, and with which they aie so blended 
th^ the acitatioDB excited by tbe hght may be com- 
municBted Tarther without being internipt«d in their 
progress. But this tranamission is never peifonned 
BO freely as in the pure ether, though it always lose* 
SDmething; and this in proportion a* the tnuuparent 
body is more or lesa gross. The grOMoeaa may 
even become so considerable that the light shail be 
wholly lost in it ; and then the body is no longer 
transparent. Thus, though glass be a transparent 
body, a great lump of glnas several feet thick is not 
so. In Tike manner, however pure the water of a 
river may be, you cannot see the t)ottom where it is 
very deep, though you can very easily see it where 
it is shallow. 

Transparency, then, ia a property of bodies rela- 
tive only to their thickness ; and wnen this property 
is ascribed to glass, to water, ice, it must always 
be understood with this restriction, that these bodies 
are not too gross ; and that to every species there is 

TTier 

opaque body, on the contrary, which may not itself 
become transparent, if reduced to a plate extremely 
fine. Thus, though gold is not transparent, gold 
leaf is so ; and on examining the minuter particles . 
of all bodies with a microscope they are found to 
be transparent. It may then be with truth affirmed 
that all bodies are transparent when reduced to a 
certain degree of fineness ; and that no one is so 
when too gross. 

In common language we denominate transparent 
the bodies which preserve this quality to a certain 
degree of thickness, though they lose it when they 

r beyond that bound. But with respect to ether, 
is of its own nature perfectly transparent, and it* 
extent diminishes not this quality in the smalleit 
degree, The prodigiona distance of the fixed atara 
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prevents not their rays from being transroitted to 
ua. But though our air appeals to be of a perfect 
transparency, if it extended as far as the moon, that 
transparency would be entirely lost, and would pre- 
vent every ray of the sun, and of the other heavenly 
bodies, from penetrating to us. We should then be 
iuvolved in Egyptian d^knesa. 

The reason of it is evident, and we remark the 
same thin^ in sound, whose resemblance to light i» 
confirmed in every respect. Air is the most proper 
medium for the propagation of sound ; but the agi- 
tations ezcit«d in the air are capable of shakinga^ 
the particles of all bodies: and these again putting 
in motion the interior particles, finally transmit the 
vibration through the substance of all bodies, unless 
they be too thick. There are bodies, then, which, 
relatively to sound, are the same thing which trans- 

Sarent bodies are relatively to light ; and all bodies 
ave this property with relation to sound, provided 
they are not too thick. When you are in your 
apartment, you can hear almost every thing that 
passes in the antechamber, though the doors are 
closely shut, because the agitation of the air in the 
antechamber communicates itself to the partitions, 
and penetrates through them into the inner apart- 
ment, with some loss, however. Were the partition 
removed, you would undoubtedly hear more dis- 
tinctly. Now the thicker the iralls are the more 
of its force does the sound lose in pierrins through 
them ; and the walls may be made so thick that 
nothing could be heard from without, unless it were 
some terrible noise, such as a discharge of camion. 
This leads me forward to a new remark, that 
very powerful sounds may be heard through walls 
which are impenetrable to sounds more feeble ; and, 
consequently, in order to form a judgment whether 
a wall is capable of transmitting sounds, it is neces- 
sary to take into the account, not only the thicluiesa 
of the wall, but likewise the strength of the sound. 
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If the sound is Tery Teeblti, a very tbin wall is miffl- 
cient to stop it : though a louder could Und an easy 
transoiiasion. The aatne thing holds as to bodies 
which are permeable only to a very strong light.. 
Objects not very briUiant are invisible througo a 
glass blackened with amoke, but the rays of the sun 
force themselves through it, and it transmits per- 
fectly well the image of that luminary. Astrono- 
men employ this method to obaerve hira ; for with- 
out such precaution lie would dazzle the eye. And 
when you happen to be in a dark room, with an 
aperture in the shutter exposed to the sun, in vain 
will you attempt to exclude the light by opposing 
your hand to the aperture ; the rays of the sun wifl 
tOTce themselves through. 

It is perceivable, at the same time, that the light 
of the sun loses much of its lustre in passing through 
a body which, relatively to other objects', is not itself 
transparent. But a very strong light may lose much 
of its lustre before it is entirely extinguished, while 
a feet>ler light is lost at once. A piece of very thick 
glass, then,'Will not be transparent with respect to 
objects less brilliant, though the sun may be visible 
through it. 

These remarks on transparent bodies lead me to 
the theory of refraction, of which you have fre- 
quently heard, and which I shall endeavour to place 
in its proper light. 
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LETTER XXX. 



OftJit Traasmittion of Ray* of Ia^, through tranipa- 
reta Mediums, and theirRtfraction. 

Ab long as light moves in the same medium, 
whether it be ether, air, or any other transparent 
body, the propagation proceeds in straight lines, de- 
DOmiuated ra^, as they diverge from tne luminous 
point, in all directions, lilte the radii of a circle or % 
globe issuing from the centre. In the system of 
emanation the particles darted from luminous bodies 
move in straight hues : the same thing holds in thit 
which 1 have had the honour of propoBing, in which 
the agitations are communicated in straight lines, as 
the sound of a bell is transmitted in a straight line, 
by which also we judge from what quarter the sound 
cornea; the rayfi in both systems, then, are repre- 
sented by straight lines, as loag as they pass throng 
the sanle transparent medium ; but they may undergo 
some bending, in passing from one to another; and 
this bending is called the refraction of the rays of 
light, the knowledge of which is necessary to ac- 
count for many phenomena. I proceed, therefore, 
to lay down the principles, in conformity to which 
refraction takes place. 

II isan invariable law, that when tv ~ 

a ray, such a» Y. C, Fig. S, falls -^W- "■ 

perpendicularly on the surface A B 
of another medium, it continues 
its progress in the same straight 
line extended, as C F ; it will, in 
this case, undergo no bending or 
refraction. If, then, E C is a ray of the sun fall- 
ing perpendicularly on the surface A B of water, 
or or glass, it will enter it in the same direction, 
and continues its progress in the line C F, which 
is likewise perpendicular to the surface A B, so 




Fig. 9. 
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that E T shall be in' one and the same , straight 
line. This is the only case in which there is no 
rerraction. But as often as the ray does not faU 
perpendiculaily on the surface of another trans- 
parent body, it does not pursue its progress in the 
same straight hne ; it recedes less or more from it, 
and undei^roes a refraction. 

I*t P C, Fig. 9, be a ray, 
falling obliquely on the but- 
face A B of another trans- 
parent medium. On enter- 
ing into this medium, it will 
not continue its progress in 
the direction of the line 
C Q. which is the line P C 
produced ; but will recede 
from it in the direction of 
the line C B, or C S. It 
will undergo, then, at the 

Soint C, a bending, which we call refraction, which 
epeods partly on the difference of the two me- 
diums, and partly on the obliquity of the direction 
of the ray P C. 

In order to comprehend the laws of this bending, 
it is necessary to explain certain terms employed in 
treating this subject. 

let, The surface A B, which separates the two 
mediums, that from which the ray comes, and that 
into which it enters, is called the Tefracling mrjace. 
2dly, The ray P C, which falls upon it, is caUed the in- 
cidenC ray ; and, 3dly, the ray C R, or C S, which pur- 
sues, in the other medium, a course different from 
G Qt is called the broken or rifracUd ray. And hav- 
ing drawn through the surface A B the perpendicular 
line E C F, we call, 4thly, the angle P C E, formed by 
the incident ray P C with the perpendicular E C, 
the angle of incidence ,■ and, 5thly, the angle R C F, or 
S C F, formed by the refracted C R or C S, with the 
perpendicular C F, is called the angle of refraction. 
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■ Therefore, because of the bending which the rajr 
or lighr undeifoes, the anf^le of rerraction is not 
equal to the angle of incidence P C E ; for pro- 
ducing the line P C to Q, the angles P C E and F C Q, 
being vertical, are equal to each other (Euclid's Ele- 
menls. Book I., Prob. 16), aa you will easily recol- 
lecL The angle Q C F, then, is equal to the angle of 
incidence P C E ; therefore the anfle of refraction 
R C F or S C F is greater or less. There are, then, 
only two cases nhich can exist ; the one, in which 
the refracted ray being C R, the angle of refraction 
B C F is less than the angle of incidence P C E ; and 
the other, in which the refracted ray being C S, the 
angle of refVaction is greater than the angle of in- 
cidence P C E. Ill the former case, we say, that the 
ray C R approaches the perpendicular C F ; nnd in 
the other, that the refracted ray C S recedes or de- 
viates from the perpendicular. 

It is necessary, tnen, to inquire in what cases the 
one or the other of these changes will take place. 
And we shall find that ihis phenomenon depends on 
the difference of the density of the two meqiums, or 
because the rays are transmitted with more or less 
difficulty through each of them. To prove this, it 
must be recollected that ether is of all mediums 
the most rare, and that through which rays are trans- 
mitted without the slightest resistance. After it the 
other common transparent mediums are thus ar- 
ranged: air, water, glass ; thus glass is a medium 
more dense than water, water than air, and air tlun 
ether. 

This being laid down, we have only to attend to 
these two general rules : 1st, When rays pass from 
a medium less dense into one which is more so, the 
refracted ra^ approachea the more to the perpen< 
dicular. This is the case in which the incident nf 
being P C, the refracted ray is C R. 3dly, When the 
rays pass from a medium more dense to one less so, 
the refracted ray recedes from the perpendicular. 
This is the case in which the incident ray being 
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P C, th« refracted ray ia C 8. Now, this bending is 
greater or less accoTdingas the two mediiimsdSer 
HI respect of density. Thus rays in passing from 
&irinto glass nodei^agTeater refraction than wh«n 
they pass from air into water; in both cases, how- 
erer, the refracted rays approach the perpendicular. 
In like manner, rays passing from glass into air un- 
dergo a greater refraction than when they pass from 
water into air ; but in theae cases the refracted ray 
recedes from the perpendicular. 

Finally, it must likewise be remarked that the dif- 
ference between the angle of incidence andthean^e 
of refraction is so much greater, as the angle of m- 
cidence is greater; or, as the incident ray recedes 
farther from the perpendicular, the greater will be 
the bending or refraction of the ray. A relation be- 
tween all these angles exists, and ts determinable by 
geometry ; bnt it is not now necessary to enter into 
the detail. What has been already said is sufficient 
for underatanding what I liave furuier to propose on 
the subject.* 

aad M}/, 176a 



LETTER XXXI. 

Srfroclion «f Rai/M of different Colovn. 

You have seen that when a ray of light paaaes 
•bliquely from one transparent medium to another, 
it undergoea a bending, which is called refraction, 
uid that the refraction depends on the obliquity of 
the incidence and the density of the mediums. I 
must now call upon you to remark, that diversity 
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Fig. 10. 



or colonrs occasions lifcewiae a small vaiietf in tfa« 
refraction. Thia arisee undoubledly from the cir- 
cumstance that the. rays which excite in us the son- 
sations of different colours perform unequal num- 
bers of vibrstions in the same times, and that they 
ditTer among themselves, in the same manner as 
sl^rper or flatter sounds do. Thus, it is observable 
that rays of rat undergo the least bending or retrac. 
tioni afler them come the orange; the yelloa, tha 
green, the blue, and the violet follow in order ; so that 
violet-coloured raysundergo the greatest refraction; 
it being always understood that the obliquity of tbe 
incidence and the density of the mediums are the 
same. Hence it is concluded that rays of different 
colours have not the same refrangibility ; that the 
red are the least, and the violet the moat rsfraogiUe. 

If, then, P C Fig. 10, is a ray 
passing, for esarople, from air 
mto gltui; the angle of inci- 
dence being P C E, the refracted 
ray will approach the perpen- 
dicular C F; and if the ray be 
red, the refracted ray will be in 
the direction C — red; if it be 
orange, the refracted ray will be < 
C— orange; and so of the rest, 
as may be seen in the figure. 
All these rays deviate from the 
line C Q, which is P C produced, 
towards the perpendicular C F ; but the red ray 
deviates the least from C Q, or undergoes the least 
refraction, and the violet recedes the farthest (rtHu 
C Q, and undergoes the greatest refraction. 

Now if P C is a ray of the sun, it produces at ones 
all the coloured rays indicated in the figure; and if 
a*piEi:e of white paper is placed to receive th«m, 
you will in effect see all these colours; hence it i» 
affirmed, that every ray of the sun contains at once 
all the simple colours. The same thing happens if 
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P C is a ray of wtai(«, or if it proceeds from a white 
body. We see all the colours produced from it by 
refraction, whence it is coocluded that white is aa 
aBsemblage of all the simple colours, as we fonnerly 
showed. In truth, we have only to collect all these 
coloured rays into a single point, and the colour of 
white vfill be the result. 

It is thus we discover what are the simple colours. 
Refraction determines them incontestably. In fol- 
lowing the order which it presents, they are these: 
I, red; 3, orange; 3, yellow; 4, green; S, blue; S, 
Tiolet.* But it must not be imagiaed that there are 
but six; for as difference of colours arises from the 
number of vibrations which rays perform in one and 
the same time, or rather the undulations which pro- 
dnce them, it is clear that the intermediate numbers 
equally sive simple colours. But we want names 
by which to designate these colourB; for between 
jftUme and green we evidently perceive intermediate 
colours, for wbich we have no separate names. 

In conformity to the same laws are produced the 
colours visible in the rainboie. The rays of the sun, 
in passiiiK through the drops of water which float 
through the air, are by them reflected and refracted, 
andtiK refraction decompounds them into the simple 
colours. You must undoubtedly have remarked, that 
these colours follow each other in the same order in 
the rainbow, the red, orange, yelloui, grem, blue, and 
violei ; but we discover in it also all the intermediate 
coloura, as shades of one colour to another ; and had 
we more names to distinguish these degrees, we 
might find more of them from the one extremity to 
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the other. A more copious language may p 
enable another nation actually to reckon a greater 
nnmber of different colours : and another, it may be, 
cannot reckon so manyi if, for example, it wuits a 
term to expresBwhatwe call orange. Some totheea 
add purple, which we perceive at the extremity of 
the red, but which others comprehend under the 
same name with red. 



These colours may be compared to the notes (rf 
an octave, as I have done here, becanae the relatiooa 
of colours, as wellaS those ofsaund, may be axpreasad 
by numbers. There is even an appearance, that by 
straining the violet alittle more, you may come romid 
to a new purple, just as in rising from sound to somid, 
on going beyond B you come round to r, which is 
the octwe ahove C. And as in music we give to 
these two notes the same name, because of tbeii 
resemblance, the same thing takes place in colouia, 
which, after having risen throngh the intervals of an 
octave, resume the same names ; or, if you will, two 
colours, like two sounds, in which the number of 
vibrations in the one is precisely the double of tbo 
other, pass for the same, and bear the same name. 

On this principle It was that Father Catttl, in 
France, contrived a species of music of colonrs. Ho 
constructed a harpsichord, of which every key dis- 
played a substance of a certain colour; and he prC' 
tended that this harpsichord, if skilfully touched, 
would present a most agreeable spectacle u> the eye. 
He gave it the name of the Ocular Harpiichcrd,' and 

Br. BnnMr^ THuiiu m Ui Kaltidiuaf, p. 111.— W. 
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you must undoubtedly have heard it talked of For 
my put, painting rather Beenis to be that to the eye 
which music is to the ear ; and I (neatly doubt 
whether the rejweBentationof aeveral ahreds of cloth 
of different colours could be very agreeable. 
S7M July, 1760. 



LETTER XXXU. 
Of the Axitn Cclour of the Heaetm. 

YoD hsTe just seen, that the cause of the visibility 
of objects is a motion of vibration extremely rapid, 
by which the minuter particles of their surfaces are 
agitated, and that the frequency of these vihratiooB 
determines the colour. 

It is the same thing whether these particles be 
agitated by an intrinsic force, as in luminous bodies, 
or whether they receive their agitation from illumi- 
nation, or from foreign rays, by which they are 
illumined, as in opaque bodies. The frequen^ or 
rapidity of the vibrations depends on the gTOtiBnesa 
of these particles, and on their elasticity, as that of 
the vibrations of a musical string depends on its 
thickness and degree of tension ; thus, as long as 
the particles of a body preserve the same elasticity, 
they represent the same colour, as the leaves of a 

!ilant preserve a green colour as long as they are 
reah ; but when they begin to dry, the dilTerence of 
elasticity which then takes place produces Ukewise 
a different colour. This subject I have already dis- 
cussed. 1 now proceed to e^ilain why the heavens 
appear to us of a blue colour in the daj^me. 

On observing this phenomenon with a vulgar eye, 
it would appear that we are surrounded ^y a pro- 
digious vault of azure, as painters represefft the sky 
on a ceiling. 1 have no occasion to undeceive you 
respecting this prejudice : a small degree of ledec- 
L9 
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tion ia siifllcient U> make you compieheiul that the 
heavens are not an azure vault, to which the staia 
an affixed like so many luminous studs. You are 

Krfectly convinced that the atara aie immense 
dies, at inconceivable distances from us, and which 
move freely through a space alraoat void, or which 
is filled only by that subtile matter called ether. 
And 1 will show you that this phenomenon is to be 
ascribed to our atmosphere, which is not perfectly 
transparent. 

Were it poasihle to rise higher and higher above 
the surface of the esrth, the air would become grad- 
ually more and more rare, till it ceased to assist 
respiration, and would at length entirely cease; w« 
should then have reached the region of pure ether. 
Accordingly, in proportion as we ascend on moun- 
tains, the mercury in the barometer continues to 
fall, because the atmosphere becomes lighter and 
lighter ; and then likewise it is remarked, that the 
azure colour of the heavens becomes fainter ; and 
were it possible to mount into pure ether, it would 
entiqdy disappear : on looking upward, we should 
see nothing at all, and the heavens would appear 
hlack as night ; for where no ray of Ught can reaich 
us, every thing wears the appearance of black. 

There is good reason, then, for asking, Why the 
heavens appear to beJtlue 1 This phenomenon could 
not exist were air a perfectly transparent medium, 
as ether is : in that case, we should receive from 
^>ove no other ra3rB but those of the stars : but the 
lustre of daylight is so great that the feeble Ught 
of the stara is absorbed by it. You could not per- 
ceive the flame of a taper in the day-time at any con- 
siderable distance ; but that same flame in the night 
would appear very brilliant at much greater dw- 
tances. ^rhis clearly proves, that we must look fi» 
the cause of the azure colour of the heavens in the 
want of transparency in the air. The air is loaded 
with a great quantity of sraal] particles, which are 
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not perfectly transparent, but which, b«ing iUnmi- 
natea by the rays of the sun, receive from them a 
motion of Tibration, which produces new lays proper 
to these particles ; or elee they are opaque, and be- 
come visible to us from being illnmined.* 

Now, the colour of these particles is blue; and 
this explains the phenomenon : the air contains a 
great quantity of small blue particles : or it may be 
said that its minuter particles are blujah, but of a 
colour extremely delicate, and which becomes sen- 
sible to us only in an enormous mass of air. Thus, 
in a room, we perceive nothing of this blue ; but 
when the bluish rays of the whole atmosphere pene- 
trate our eyes at once, however delicate the colour 
of each singly, their totality may produce a very 
deep colour. 

This is confirmed by another phenomenon, with 
which you must be well acquainted. If you look at 
B forest, from a moderate distance, it appears quite 
^een ; but in proportion as your distance increases, 
It acquires a bluish cast, and this gradually becomes 
deeper and deeper. The forests on the mounlfctns 
of Hartz, which may be seen from Magdeburg, ap- 
pear thence to be blue, but viewed from Halbeistadt, 
they are green. The great extent of air between 
Magdeburg and these mountains is the reason of It. 
However delicate or rare the bluish particles of th» 
air may be, there is such a prodigious quantity of 
them m that interval, the rays of which enter into 
the eye at once, that they represent a tolerable deep 
b]ne.t 

* TtU Uh lit ii loaded wlib hXIiIw net pnjtalr Dimpwinl, md 
IbU On Ttbnnen «r ItaH putlela U Itaa cuwa at Ibn blsuo* al tto 
■" " li"- Wb«i (he iiiiUHplii™ 
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We remark a similar phenomenon in a fog, whea 
tne air is loaded with a great quantity of opaque 
particles oC a whitish colour. On looking only to 
a small distance, you scarcely perceive the fog ; but 
when the distance ia considerable, the whitish colour 
becomes very perceptible : to such a degree that it 
is impossible to see through it. The water of the 
sea appears green at a certain depth ; but when you 
take up a small quantity, as much, for instance, as a 
glass will coutaio, it ia sufficiently diaphanous, and 
has no sensible colour : but in a great extent, when 
you look towards the bottom, so many greeuish raya 
collected produce a deep colour. 

il7thJtdg,nm. 
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4s long as the rays produced by the rapid vibra- 
tion of the minuter particles of a body move in the 
same transparent medium, they preserve the same 
direction, or diffuse themselves in all directions, Jo 
straight lines. These rays may be represeatod by 
Jhe radii of a circle, or rather of a sphere, which, 
issuing from a centre, proceed in straight lines to 
the .circumference ; and it is on account of this re- 
semblance that we employ the same term radius, or 
ray, to express them, tfiouBh, properly speaking, the 
light does not consist of lines, but of very rapid 
vibrations, filing continually forward, in the direc- 
tion of strait,'ht lines ; and, for this reason, light 
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Fig. 11. 




may be considered as straig-ht lines, i 
iiuninoua point, in all directions.* 

Let C, Fig. II, be aluminous 
point, from which rays issue in all 
directions. Let two spheres be 
described round C, as a centre, of 
the one or which, let the great g 
circle he ab d e, and of the other 
A B D E. The Ught diff'used over 
the surface of the srnaller sphere 
aide will likewise occmty^ that 
of the greater sphere A B D E. The light, then, 
must be more faint and weak at tbe surface of this 
last'lhan at that of the smaller sphere a b d e. 
Hence it mav be concluded, that the effect of light 
must be gmaller in proportion to the distance front 
the luminous point. U we suppose that the radius 
of the Breatcr sphert is double that of the smaller, 
the surface of the oreater sphere will be four times 
as great. Since, iJierefore, the same quantity of 
liMit is diffused over the surface of the greater 
SMiere, and over that of the amaller, it rauet follow 
tqat light at double the distance ia four times more 
faint ; at thrice the distance, nine times ; at a quad- 
niple distance, sixteen limes < and so on. 

On applying this rule to the light of the sun, it 
will appear, that if the earth were removed to double . 
tbe distance from the sun, tbe Ught derived from 
him would be rendered four times more faint i and 
if the sun were a hundred times farther from us, 
his brightness would be a hundred times a hundred, 
that is, ten thousand times less. Supposing, then, 
a filed star to be as great and as luminous as the 

'ofllffit iTKnld Th conBMd in 
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sun, but that it was 400,000 times farUier from ui, 
ila light will be 400,000 times 400,000, that is, 
160,000,000,000 times more faint than that of the 
-Bun. Hence we see, that the tight of a fixed star is 
nothing compared to that of the sun ; and this is the 
reason that we do not see the stars in the daytime ; 
as a feebler light always disappears in presence of 
one much more bright. The same thing holds good 
with respect to candles, and all other luminous 
bodies which administer less light in proportion to 
their distance from UB ; and youmust have frequently- 
remarked, that however strong a light may be, it is 
insufficient to assist us in reading a printed book, if 
you remove from it to any considerable distance. 

There is still another circumstance closely con- 
nected with what I have just observed, namely, 
that the same object appears smaller to ua in pro- 
portion to its distance. A giant at a great dis- 
tance does not appear taller than a dwarf near us. 
To form a clearer judgment of this, it is necessary 
to att«nd to the angles at which these objects are 

LetuBSuppose.then, Fig. 13. 

A B, Fig. 12, to be an 
object, for example, a 
man, and that the eve 
looks at it from the 
point C, Draw from 
that point the straight " 
linps A C and B C, 
which represent the 
extreme rays proceeding from the object to the eye ; 
we call the angle formed at C the visual angle of 
that objeut for the point C. If we look at the same 
object from a smaller distance, at D, the visual angle 
D will be undoubtedly greater : hence It is clear, 
that the more distant the same object is, the smaller 
is its visual angle; and the nearer it approaches, its 
visual angle becomes greater. 





have found that the visual angle of the sun IB some- 
what more than half a degree. If the sun were 
twice as far from ua, this angle would be reduced 
to the half; and then it will not seem surprising 
that it should furnish us four times less light. Ana 
if the sun were 400 times farther off, his visual angle 
would become so many miles less, and then that 
luminary would appear no greater than a star. Ws 
must therefore carefully distinguish the apparent 

?'eatneEs of any object from its real greatness. 
he first is always an angle greater or less, accord- 
ing as the object is nearer or more distant. Thua 
the apparent greatness of the sun is an angle of 
about half a degree, whereas his real magnitude far 
surpasses that of the earth; for the sun being a 
^obe, his diameter is estimated to be about 790,000 
English miles, while the diameter of the earth is 
only 7913 Eoglish miles. 
aath July, 1760. 



LETTER XXXIV. 

0/ (Ae AsfUUmct mkich Judgment lends to Virion. 

What I have now submitted to you on the phe- 
nomenon of vision belongs to optics, which is a 
branch of mixed mathematics, aiM which liitewiBe 
bolds a considerable rank in physics, Besides 
colours, the nature of which 1 have endeavoured 
to eiplain, it is the business of optics to treat of the 
manner in which vision is performed, and of the 
different angles under which objects are seen. 

You must have already remarked, that the same 
abject may be viewed, sometimes under a greater 
visual angle, sometimes under a smaller, as it is less 
or more distant from us. I say, further, that > 
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smaU object may be viewed under the Baraeanrie as 
2 great one, when the former is very near, and the 
latter very distant. A small dish may be placed be- 
fore the eye in snch a manner as to cover the whole 
body of the sun ; and, in reality, a plate of half, a 
foot diameter, at the distance of 64 feet, exactly 
covers the sun, and is seen imder the same angle; 
and yet what a prodisrifus difference ie there be- 
tween the size of a plate and that of the bud. Ther 
full moon appears to us under nearly the same visual 
anfUe as the sun, and of consequence, nearly as greatf 
though really much smaller ; but it is to be consid- 
ered that the sun is almost 400 times more remote 
from us than the moon. 

The visual angle is a point of so much the more 
importance in optica, that the images of the objects- 
which paint themselves on the bottom of the eye 
depend upon it. The greater or less the visual angle 
is, the greater or less they (the objects) are great 
or little. And as we see objects out of ouraelvea- 
only BO far as their images are painted on the bot- 
tom of the eye, they constitute the immediate object 
of vision or sensation. One of these images, there^ 
fore, leads us to the knowledge only of three things. 
First, its figure and its colours conduct to the con' 
elusion, that there is, out of us, a similar object of 
such a figure, and snch a colour. Secondly, it» 
magnitude discovers the visual angle under whicb 
the object appears to us ; and, finally, its place on 
the bottom of the eye makes us sensible of the 
direction of the external object relatively to us, or 
that in which the rays emitted from it reach our 
eyes. 

In these three particulars consists the phenoioe- 
non of vision ; and we only perceive, 1st, the figure 
and colours; Sdly, the visual angle, or the apparent 
magnitude ; and, 3d]y, the direction, or the place in 
which we conclude that the object exists. Vision, 
then, discovers to us nothing respecting either the 
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reaImagnitudeofot^'ectB,ortheirdktancBB. Thmwh 
wa frequently imagine that we can determine by the 
eye the magnitude and distance of an object, Uiis 
is not Em act of vision, but of the understanding. 
The other seoBes, and habits of long standing, en- 
able UB to calculate at what distance an object is from 
UB. But this faculty extends only to objects at no 
great distance. Whenever their distance becomes 
consideraUe, our judgment cannot exercise itself 
with certainty; and it sometimes we venture to 
hazard a decision, it is generally very remote from 
the truth. 

Thus, uo one can pretend to say that he sees the 
magnitude or the distance of the moon ; and when 
the vulgar imagine they can judge of the first, by 
considering it as equal 10 that of the terrestrial 
bodies which are seen under the same angle, it ia 
not by vision they are deceived, but by their judg- 
ment, which they wajit to apply to an object far be- 
yond their reach. It is certain, therefore, that the 
eyes alone can determine nothing respecting the 
distance and magQitude of objects. 

To this subject may be referred the very remark- 
able case of a man bom blind, who oblamed sight 
by means of an operation, at an advanced period of 
life.* This person was at first dazzled ; he could 
distinguish aothins as to the magnitude and distance 
of objects. All objects appeaml so near that he 
wanted to handle them. A considerable time and 
long practice were requisite to bring him to the real 
use of sight. He was under the necessity of serving 
a long apprenticeship, such aa we periorm during 
the term of childhood, and of which we aflerwara 
preserve no recollection. 

This it is which instructed us, that an object ^>- 
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pears to ua ao much the more clear and distinct u 
it is nearer; and reciprocaUy, that an object wfaidi 
appears clear and distinct is near; and when it ap- 
pears obscure and indi.^itinct, that it is at adistance. 
It is thus thai painters, by weak«ninjf the tints of 
the objects which they wish to appear remote, and 
streni^ening those woich they would represent as 
nearer, are enabled to determine our judgment con- 
formably to the efTect which they mean to produce. 
And they succeed so perfectly, that we cqnsider 
some of the objects represented In painting as more 
distant than others, an illusion which could not take 
place if vision discovered to us the. real distanc« 
and magnitude of objects. 
lit Augutl, 1T60. 



LETTER XXXV. 
Explanation of certain Phenomena relative to Optics. 

You have just seen, that vision alone discoTets 
to us nothini; respecting either the real magnitude 
or the distance of objects ; and that all we imagine 
we see, whether as to the distance or magnitude of 
any object, is the eflect of judgment. We must 
carefully distinguish that which the senses repre- 
sent to us, from what judgment adds, in which we 
frequently deceive ourselves. Many philosophers 
who have declaimed against the accuracy of the 
senses, and who meant thence to infer the uncer- 
tainly of all human knowledge, have confounded the 
proper representation of our senses with judgment. 

This is their mode of reasoning: We see the sun 
no bigger than a trencher, though it be infinitely 
greater ; therefore the sense of seeing deceives us ; 
therefore all our sonHCS deceive us ; at least, we can- 
not depend on thorn ; therefore, all the knowledn 
we acquire by means of the senses is uncertain, 
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and probably false: we tberefore know oothing. 
Such ia the reasoning of these skepticn, who boast 
so Tain^loriously of their ingenuity ; though there 
be nothing so easy as to say that every thing is un- 
certain ; and the greatest dunce may make a ahioing 
figure in tbia sutmme philpsophy. But it is abso- 
lutely false that the sight represents to us the sun 
no bigger than a pewter plate ; it determines nothing 
whatever respecting his magnitude; it is our judg- 
ment alone that deceives us. When the objects, 
however, are not very distant, we can pronounce 
with tolerable exactness on their (Jjmensions and 
distances ; and the other senses, joined to the degree 
of clearness with which we see these same objects. 
Tender our judgments sufficiently certain. Now, as 
soon as we have the idea of the distance of an object, 
we form to ourselves, likewise, that of lis real mag- 
nitude, knowing tiiat it depends on that distance. 
Hence, the more distant we reckon an object to be, 
the greater we conclude is its magnitude i and re- 
ciprocally, the nearer we conclude it is, the smaller 
we suppose it. We, of course, frequently take one 
body for another of much greater magnitude, when 
a suspension of judgment prevents our taking dis- 
tance into the account. The reason is, that a very 
large body may be seen at a great distance, under 
the same angle as a small object placed near us. 

There is another phenomenon well known to 
every one, and which has given occasion to many 
disputes among the learned, and which it is now 
perfectly easy to explain. The full moon appears 
to every eye at the time of ber rising to be much 
greater than when she has got to a considerable 
Seieht above the horizon, though the visual angle 
of the apparent magnitude be the same. The sun, 
too, at the time of rising and setting, appears to 
every one greater thaji at noon. Wlut then is the 
foundation of this judgment, so universal, and so 
lalse 1 It is undoubtedly because we judg« the sua 
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and the moon in the horizon to be at a grektsr dis- 
tance from us than whea they hare got to a conoid- 
BiaUe height. 

But how come we to fonn meh a jndgraent ) The 
coronon answer is, that when the son and the mocm 
are in the horison, we pei<ceiTe a great many (ritjects 
between thera and us which seem to increase dieir 
distance; whereas, when the son and moon hare 
risen loagreat height, we perceive nothing between 
them and ua, and thererore conclude that thejr are 
nearer. I know not whether this "explanation wiU 
be satisfRctory. It may be objected, taat an empty 
apartment appears greater than one completely fur- 
nished, though the size be exactly the same ; sereral 
interrening objects, therefore, do not always lead ns 
to imagine that one more remote is at a greater d^ 
tance than is really the case. 1 flatter myself that 
the following solution will be deemed more oatoral 
and better fonnded. 
Let the circle A, Fig. 13, represent 
the earth, and the dotted circle the 
atmosphere or nir with which the 
earth is surrounded ; supposeyour- 
self stationed at the point A, if / 
the moon is in the horizon, the [ 
rays will reach you Jn the direc- \ 
tion of the ihie B A ; but in her * 
extreme height, the rays wiU de- 
scend in the fine C A. In the first 
case the rays pass through Uie greater space B A, 
and in the second case tbrou^ the smalter space 
CA. Now ^onwiUplease to recollect, thatthe rays 
of light which pasa through a transparent medium 
have Uieir force' diminished in proportion to the 
length of the passage. The atmosphere or air, then, 
being a transparent medium, the ray B A nmat in ita 
passa^ lose much more of its force than the lay 
C A. Hence it follows in general, that alt the celes- 
tial bodies appear much leM briUiaitf in the botittm 
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than when fully risen and elevated. We are able 
to look directly even at the sun when he is in the 
horizon; but when once he bas gained a certain 
height, the eye is conatrained to shrink from his 
lustre. 

I conclude from this that the moon, too, appears 
less brilliant in the horizon than when elevated.* 
Now you will recollect what I said a little above, in 
speaking of effect in painting, that the same object 
appears to us more distant when its light is weak- 
ened: the moon, then, being in the horizon, must 
appear more distant than at any point of elevation. 
The consequence is obvious ; as we judge the dis- 
tance of the moon greater in the horizon, we must 
likewise judge her magnitude greater. And in gen- 
eral all the starsi when near the horizon, appear 
to us greater, because their apparent distance is 

3d Augtat, 1760. 
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LETTER XXXVI. 

Of Shadaa. 



I SATi endeavoured to explain almost all that u 
usually treated of in optics. All that remaina is to 
speak of shadow. Yon already know too well what 
is meant by »haie or thadow, to render it neceesuy 
lo dwell longon'the subject. Shadow always 



The opaque body, then, prevents the rays of a lu- 
minous body from getting behind it, and the apace 
which the rays cannot reach from this iaterGcption 
is called the shadow of the opaque body; or, w^at 
conies to the same thing, shadow includes all that 
space in which the luminous body ia not to be aem, 
because the opaque body obstructs its rs3'a. 
Leti,J-ig.U, jy. u. 

hA a liiTiiinoiiii ^ 



body. TJrawthe 

extreme rays A 

B M. A D N, 

touching the o- 

paqne body. It 

IS evident that 

no ray of light 

proceediDg from A can penetrate into the space 

M B E D N J and in whatever point within that apace 

the eye may be placed, at 0, for example, it will not 

sre the luminous body. This space is the shadow 

of the opaque body; and we see that it is contin* 

Daily increaaina:, and may extend to infinity. But 

if the body from which the rays proceed he itself 

of great magnitude, die detramination of the shadow 
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is somewhat different. There are three cases which 
demand consideration ; the first is, when the Inmi- 
nous body is less than the opaque ; the second, when 
they are equal; ttnd the third, when the luminous 
body is the ^eater. The first case is that which 
we have now been considering, in wtiich the light 
's smaller than the opaque body. 



Fig. 15. 



The second is 
represented in /lig-. 
15, where the lu- 
minous body A is 
of the same mag- 
nitude with the 
opaque body BCEO. Ifyou draw the extreme rays 
A B M, A B N, the space M B E N wiU be shaded, 
and through the whole or that space it will be im- 
possible to see the luminous body. You see like- 
wise that the lines B M and E N are parallel, and 
that the shadow extends to infinity, always {veseiT- 
ing the same breadth. 



Fig. IS. 



The third 
case is exhib- 
itedin/'i^.lS, , 
where the lu- [ 
minoue body I 
A A is great- 
er than the 
opaque body 
BCED. The 
extreme rays 
touching tne 
opaque body 
in B and E, if 
produced, will 
meet in the 
point 0, and 

the space ol the shadow B E becomes finite, and 
terminates in O. The sh»de in this case is termed 
conical. It is only into this space that the light has 





no Bdmisaion, and in which it is impassible to see 
the lumpous hody. To this third ca^e belongs the 
shadows of the celestial bodies, which are much 
amallet than the luminous body which enlightens 



.__ 8 wisdom. For if the sun were smaller than 
the planets, their shadows would not be termiDat«d, 
but extend to infinity, which would deprive immenso 
spaces of the benefit of the sun's light. But the 
magnitude of that luminary surpassing by so many 
times that of the planets, their shadows are con- 
tracted to very narrow bounds, from which alone the 
light of the sun is excluded. 

It is thus that the earth and the moon project 
their conical shadows ; and the moon may occaaion- 
allr plunge into the shadow of the earth either par- 
tially or totally. When this takes place, we say the 
moon is eclipsed, either wholly or in part. In the 
former case we call it a total echpse of the moon j 
in the other, a partial ecUpae. The moon likewise 
projects her shadow, but it is smaller than that of 
the earth. It may happen, however, that the shadow 
of the moon should extend as far as to the earth ; 
and den those who arc involved in that shadow 
nndeivo an echpse of the sun. An eclipse of the 
■un, tnen, takes place when the moon, interposinK, 
prevents our seeing the sunwholly.or in part. We 
see not the sun by night, though there be no eclipse ; 
but we are then m the shadow of the earth, which 
causes our greatest obscurity. 

Hitherto we have considered only the cases in 
which the ra^s of light are transmitted in straight 
lines, which is the professed object of optics. But 
it has been already remarked, thatlhe rays of light 
are eometimes reflected, and sometimes Broken or 
refracted. You will recoUect, that when the rays 
/allonawell-polished surface, such as a mirror, they 
fin Inflected from that surface i and whw they pass 
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frtm one transparent medinm to another, they un- 
dergo refraction, and are in some aenae broken- 
Heace ariae two other sciencee. That 'which con- 
eidera vision in reference to reflected raya ia caUed 
ealoptrici ; and that which has for its object Tision, 
in reference to broken or refracted rajs, is termed 
diopina. Optics treat of vision relatively to dired 
rays of light. 1 shall present yon with a Bummary 
of these two sciences catoptrics and dioptrics, as 
they disclose phenomena which are every day pre- 
senting themselves, and of which it is of importuie« 
to investigate the causes and the properties. Every 
Uiing relating to the subject of vision is, beyond 
contradiction, an object highly worthy of exciting 
curiosity, and of engaging attention. 
&th August, 1760. 



LETTER XXXVn. 



Catoptbics treat of vision relatively to reflected 
rays. When rays of bght fall on a well-prtished 
surface, they are reflected in such a manner that the 
angles on all sides are equal among themselves. 

To set this in a 
clear light, let A B, 
Fig. I7,be the sur- 
face of a common 
mirror, wd P a lu- 
minous point,whose 
rays P Q, P M, 
Pm, fall upon the 
mirror. Of all these 
rays, let PQ be that 
which falls perpen- 
dicularly on the 
mirror, and wliich has this partieular and remarkable 
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property, that it is reflected upon itself in the diroe- 
tion of Q P ; just as on a billiard-table, when the 
ball IB struck perpendicularly against the ledge, it is 
lepelled in the seir-aame direction. But every other 
ray, as P M, is reflected in the line M N, in such a 
manner as to make the ang-le A M N equal to the 
angle B M P ; in which it is to be remarked, that 
the ray P M is named the incident ray, and M N the 
reflected ray.. In like manner, to the incidt^nt ray 
P m will correspond tho reflscted ray m n ; and, 
consequently, because of the reflection, the ray 
P M is continued in the direction of (he line M N, 
and the ray P m in the direction of mn, so that we 
have the angle A M N equal to B M P, and the 
angle Am n equal to the ani^le B m P. This prop- 
erty is thus enounced: Tlie angle of reflectioa u 
olwayj equal to the angle of xnc\dence. 

I nave already taken notice of this striking prop- 
erty ; but my dgsign at present is to show what 
the phenomena in vision are which result from it. 
First, it is evident that an eye placed at N will re- 
ceive from the luminous point P the reflected ray 
M N ; thus the ray which excites in that eye the 
sensation of the body from whence it proceeded 
cornea in the direction M N, just as if the object P 
were in some point of that line ; hence it follows 
that the eye must see the object P in the direction 
NM. 

In order the more clearly to elucidate this fact, 
we must have recourse to geometry; and you will 
recollect with pleasure the propositions on which 
the following reasoning is founded. Let the perpen- 
dicular ray P Q be produced on the other side the 
mirror to R, so that Q R shall be equal to P Q; I 
will show you that all the reflected rays M N and 
m n, bein^ produced behind the mirror, must meet 
in that point. For, taking the two triangles P Q M 
and R Q M, they have first the side M Q common 
to both; then the side Q R was made equal to the 
aide PQ; and, finally, the angle P Q H being a lii^ 
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aiule, its adjacent angle R Q M must likewlBe be a 
H|Qt angle (GucUd's Elements, Book I. Prop. 13). 
"nierefore these two triangles, having each an equal 
angle contained by two equal^ides, shall be every 
way equal (Baclid, Book I. Prop. 4) : and conse- 
quently the angle P M Q equal to the angle R M (J. 



Prop. 15} ; theierore also the angle A H N shaU 
be equal to the angle P M Q ; UiHt is, the angle 
of reflection shall be equal to the angle of inci- 
dence. 

In the same manner it is demonstrated, that the 
reflected ray m n, being produced, would likewise 
pass through (he point R, and consequently produce 
in the eye the same etfect as if the object P were ac- 
tually placed hehind Ihe mirror at R, Ihis point being 
in the perpendicular P Q R, at the same distance as 
P from the surface of the mirror, but on different 
sides. This will enable you to comprehend clearly 
why mirrors represent objects as if they were 
belund them ; ana why we judge that these objects 
are placed as far behind the surface of the mirror as 
they really are before it. It is thus that the mirror 
tmnspurts objects into another place, without chang- 
ing their appearance. To distinguish in the mirror 
the apparent object from the real, we name the ap- 
parent object the image, and we say that the images 
represented by reflected rays are behind the mirror. 
Tliis denomination serves to distinguish real objects 
from the images of them represented in mirrors ; 
and the images which we see in mirrors are per- 
fectly equal and simitar to the objects, with this ex- 
ception, that what in the object is on the left appears 
in the image on the right, and reciprocally. Thus a 
person wearing his sword on the left side, appesrs 
with it in the mirror on his right, 

From what has been said, it is always easy to 
settle the image of any object whatever behind the 
mirror. 
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R)tAB^.18, being 
B mirror, and E F an 
object, say an arrow: 
draw from the points E 
and F the perjiendioB- 
lars E G and P H, to 
the surface of the mir- 
ror, and produce these 
to e and /, an that E G 
shall be equal lo e G, 
andFHto/H,e/wiU 
be the ima^ sought, 
which will be equal to 
the object E P, because 
the quadrilaterdi figure 
G «/H is in all respects equal to the quadrilateral &g- 
oreGE F H. Itmusl be still farther remarked, that 
were you even to cut off from the mirror a part, as 
C B, and A C was the mirror, the image ef would 
not be changed. And consequently, when the mirror 
ienotBuflitiently large to admit the falling of the per- 
pendiculars E G and F H upon it, we must suppose 
the plane of the mirror to be exteniied, as we produce 
lines ingeomelry wheri we want lo let fall perpendir- 
ulars upon them. What I have said respects only 
common mirrors, whose sytface is perfectly plain. 
Convex and concave mirrors produce different effects. 

7rt Augutt, 1760. 



LETTER XXXVin. 

Mefiection of Rayafr^m Comex and Coneatm MirrM« 
Burning Mirror*. 

EviBv thing relating to the reflection of rays is 
reduced, as you have seen, to two things; the on» 
of which is the place of the image which the reflected 
rays represent ; and the other the relation of the 
image to ibt object. In ordinary or plain nurrorsr 
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A« fBMgfl of ttie object is behind the tBtrtor, at ■ 
dMuice equal to that or the object before the mir- 
lor, and It ia et^ual find einrilar to the object. To 
both Of these circumstances we must attend when 
the mOror is not plain, bat vrtien its siirikce ia eon- 
T«i or concave ; for in either case the image is, for 
the most part, stranMlv disAgared. You must fre- 
^•nlly ha*e remarked that on presenting any ob- 
^ct before a spoon Tecy highly pohshed, you see its 
ima^ greatly disfigured, whether reflected from its 
interior surface, which is concave, or from its exte- 
rior, which is convex. 

A globe of silver, finely polished, represents ob- 
jects with sufficient accuracy, but in miniatare. If 
the interior surface of the globe is well polished, 
objects appear upon it magnified ; provided always 
that they are not too distant. For the same object* 
may likewise appear smaller and inverted, if they are 
removed far from the mirror. There is no occasion 
to take a whole globe ; any part of its surface what- 
ever produces the same effect. Theae mirrors are 
denominated spherical ; and there are two sorts of 
them. The one is convex and the other concave, 
according as they are taken on the exterior or inte- 
rior surface of the sphere. They are compounded 
of variouB metals, susceptible of a fine polish; 
whereas plain mirrors are made of a plate of glass, 
and covered on one side with a preparation of mer- 
cury, designed to stop the passage of the ray^, and 
to reflect them. I begin with convex mirrors. 

LetACB,F^.19, Fig. 19. 

bo a mirror, the seg- ■^ 

ment of a sphere, ^ 
whose centre is G. 
If you place before 
tU« mirror an ob- 

iect E, at a great 
istance, its Imaga 
Wn appear behind 
Voi„ i.— N 





tha mirror, it the point D, the Biiddk point of 
th« ndius of the sphera C O : and th« magnitude 
of this image will M to that of the object in the 
relation of the linea C D and C B ; it wiU there- 
fore be in this case much imaller than the iririect, as 
the line C D ia in effect much aroaller than Qie lin« 
C E. If the object E approacbea to the miirOT, m> 
likewise will ita image. Thia ia all denKmatrahlo 
on geometrical principlea, br auj^oaing that my in- 
cident ny whatever, aay E M, u refected in the 
direction of M N, ao that the ang^ B H N may be 
equal to the angle C M t^. Thus, when the eye in 
at N, receiring the reflected niy H N, it will aee the 
olqect E, accoidii^ to that direction, and will oh- 
forve it in the mirror at the point D ; (m-, in other 
wordfl, D will be the image of the t^ect traced at 
E, hot smaller. It is likewise easy to see, that the 
amaller the sphere in, of which the mirror is a s*^ 
ment, the more likewise is the image diminiahed. 

I proceed to concave niirora, the use of which ■■ 
very common on many occaaiona. Let A C B, 

ror, forming part . ■■«■•» 

of Bspbere, whose 
centre ia G, and 
OCaradiua. Let ' 
na BUMKMe an ob- 
ject S very dis- ■ 
tant from the nur- 
nr, ita image wiU 
a|ipear before the 
mirror at D.the middle pointoftheradina GO; Ibr 
agar nj of light whaterer, E M, from the object B, 
mling on the smftce of Ae mirror at the point M, 
will be reflected thence in auch a manner as to paaa 
throu^ the point D ; and when the eye ia placed at 
N, it will see the object at D ; but this image will be 
to the object in the ratio of C D to C B, and conoe- 
ifmi&f in thia g>m mailer than it. And when yon 





wmom MnutQu. 



1*1 



Miif de oMect iMV«r to the mirror, the Imige i»- 
ttrea ; the object being placed even at the centre O, 
tb« image ia there lilewise. If ^u brin^ the ob> 
ioet atill forward to D, the ima«e wiU retire infinitely 
Deyond E. Bnt if the otqect bp placed still farther 
forward, between C and D, the image will fall bebiod 
the mirror, and aopear greater than the object. 

When you look at yourself in mcb a miimr, at 
•ome point between D and C, yonr face will appear 
AigfatfuU^ lar|:e. This ia explained 1^ the natnre 
of reflection, la virtue of which the anzle of inci- 
dence E H A ia always eqoal to the angle of reflec- 
tion C H N. To this species must be referred bnro- 
ing mirrors, and every concave mirror may be em- 
ployod to bum. This remarkable property merits ^ 
more particular explanation. 

Let ABC, Fig. 91, be a concave mirror, 
wboae centre ia O, and instead of the ob- "gli^^- 
Ject, let the sun be at E ; his reflected m 
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nys will represent the image of the 
D, the middle point between C and 
Now, th« magmtnde of this image will d 
determined by the extreme raya 8 C, S C 
This tmue of the son will be accoidiagly 1 i 
very smBll ; sikI aa all the rays of the son 1 I 
which fall on the mirror A B Cf are reflected I I 
in this image, they wiU be collected there, 1 1 
and win have so much more force, as the % 
lawge D is smaller than the surface of the T 
■lirror. But theraysoftheson are endowed %^_t^ 
with the property of heating the bodies on 
which they A^aaweDaatbatof illominating them; 
lience it foDowa that there must be at D a neat te- 
oree of heat ; and when the mirror is sufllcientfy 
uufe, thia beat may become stronger than the most 
•idant fire. In fact, by means of sucba mirror yon 
mxf bwn in on instant any combustible body, and 
gna melt metals of every Und. It ia the image 
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of the «nn alone which produces thne BOipruiiig 
eflfecte.* This image is usually denomiiiBted tb4 
focus or the mirror; it falls always in the middle 
point of the radius C G, between the mirror and ita 
centre G. 

You must cBrefnlly distinrniah burmng mirren 
from baming-glasif, of which 1 shall gi»6 some tc- 
counl in my next Letter. 
9tk Augutl, 1760. 



LETTER XXXII. 
Of Dioptnct. 

Hatins explained the principal phenoroena of 
eatnirict, which result from the reflection of the rays 
of Eght, I proceed to treat of dioptria, whose oiv 
Ject ia to unfold the phenomena of the refraction of 
lays, which takes place when they pass through dif* 
ferent transparent mediums. A ray of hght does 
not pursue the same straight line, unless it conlinnes 
its progreea through the same medium. As soon u 
it enters another transparent medium, it changes ita 
direction more or less, according as it fulls upon it 
more or less obliquely. There is only one esse ill 
which it pursues a rectilinear course, namely, whM 
it enters the other medium perpendicularly. 

The instruments principally to be conaiderad In 
dioptrics are the glasses employed in the constniiv 
tion of telescopes and microscopes. These glaases 
are of a circular form, but with two faces. E*err 
thing relating to them is reducible to the figure W 
these two faces, which may be plain, or conrez, ot 
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ooBcne. Their emntaty or concavity is >lwan 
Mul to that of a sphere, qf which the rsdiiu must 
be known, it being cooaidered as the meaaiue of the 
carta of thoae aurfacea. Thia beinr laid down, we 
ahall bare aeraral kinda of dioptric f^aaaes. 



The firatapecieaiNo. I. Fig. 93, ia thatwhoae two 
ftceaare plain. By cutting a circular (nece out of & 
plate of ^aaa of equal tbickneaa, we ahtdl have one of 
tbia epociea which makea no change on objects either 
Mto magnitude or distance. GlaaeNo.lI.hasoneof 
ita anrfaces plain, and the other convex ; and auch are 
mmeiplmo-etmitr. The third species, No. 111., has 
MM face fAun, and the other concave ; and these are 
mMpUmo-eoaeoBe. Tbefourtb.No. IT.,haBtwoeon- 
▼ex suibcea ; and is called doubU-cmtre*. No. T. baa 
two concave sur&cea, and is called dotiiU-eonaivt. 
Thespede* Nos. VI. VII. have one surface convex and 
Oe other concaye ; and we give them the name of 
mmuruM. All these lenses are reducible to two 
dassea ; tbe one containing thoae in which convexity 
pnvaila, asNoa. II., IV., Vl. ; in the other, concavity 
b predominant, namely, Nos. III., V., VII. The 
fgraier class is simply denominated convex, and tbe 
latter concave. These two classes are distinguished 
bjr the following property. 

Let A B, Fig. SU, be a convex glass, exposed to a 
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the Tsys proceedinz from the point O Fig- SI- 
sliall meet on the other aide of the pUss / ~ — 
in the point g. The same thing will hap- 
pen to the rays vrtiich proceed fromevery . 
point of the object. By IhiB altemtion 
all the refracted rays A /, B m, C n, will 
pursue the same direction as If the object 
were at e, g,f, and inverted ; and it will ' 
appear as manv limes smaller aa the dis- 
tance C g shall be contained in the di»- 
unce C G. We say, then, that sach a 
glaas represents the object R F behind it 
at e /; and thia representation is called 
fliB image, which is conwquehlly inverted, 
«nd is, with the object itself, in the ratio 
of the distances of the ^ass from the 
image, and of the glass from the object. 

It is clear, then, that if the sun were the object, 
the ima^re represented at e J" would be that of the 
Bun; thouf^h very small, it wilt be bo brilliaat U to 
dazzle the eye, for all the rays which pass through 
the glass meet in this ImaKe. and they exerciM tbek 
double power of giving light and heat. The heat 
tiiere is nenrly as many times greater as the surface 
of the glass exceeds in magnitude the image of the 
sun, named itafocuf, from which, if theglftsabe ver7 

g'eat, you may produce the greatest effects of be>L 
□mbustible substances placed in the focus of auCh 
a glass are instantly consumed. Metals are melted, 
andeven vitrified by it; and other effects are produced 
far beyond the reach of the most active and intogae 
Sre. 

The reason is the same as in the case of bamiag 
mirrors. In both, the rays of the sun, diffused o'er 
the whole surface of the m inor or daaa, are ooUoetBd 
jjj the small space of the sun's image. The only 
difference is, that in mirrors the rays are cotleoWd 
by reflection, and in glassea by refraction. Such ia 




tin effitct of convex glasses, which an thicker in the 
niiddletbanatthetitnroitMs, and which Ihav^rep- 
retanted in Nos. II., IV., and VI. Thoso repreBented 
in Noa. III., V., and VH. are thicker at the extrem- 
itiea ihaoL at the middle ; and being all comiHehended 
under the term concave, produce a contrary effect. 
Let AC B, Fig. S4,be aglassofthisfonn. _ „. 
If TOO expoae to it, at a freat diataiKe, '«' ^*- 
the objectEGF.thenyaG A, G C, GB, ' "* " 
DKoeedieg (Tom the point G, will un- 
UTgo a refraction, on leaving the glass 
in the direction of A I, C m, uid B n, aa 
if they had issued from the point g ; and 
an eye placed behind ihe ewe, at m, '— 
eramfde, will see the object juat as il 
were placed al e g f, and in a aitualios 
airailar to that in which it is at the point 
O, bat as many times aipsUer as the dis- 
tanceCGexceedsthedistanceGf. Con- 
vex f^lasaes, then, represent the image ot 
a rCiy distant object behind them, con- 
cave glaenes re^avsent itbefors them ; the 
former represent it ioverted, and the 
latter in ita real situation- In both the image is as 
many timeB smalleraa the distanceof the object from 
the slaia exceeds tint of the riass from the image. 
On uiis property of glasaea is lonnded the conatrao^ 
tion of telescopes, apectadM, and microaoopes. 
lltA Augtat, ITSO. 



LETTER XL. 

CmKinucfio*.— <y fiurWiv^jiwJM «W Omr Aew. 

Ctnrru glaaaes fluniah some farther renuriw. 
•Irtdch I beg leave to by before you. I aMk ben 
•f DWM iJuMa ilk amiml irUch «• tiii<^ in tba 
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middle than st the eztremitiea i whether boOi mr-' 
faces be convex, or one plain and the other convex ; 
or, dnally, one concsTe and Um other conrex ; pro- 
vided, however, that ibe convexity exceed the eoft- 
cBVity, or that the thicknuBa be irreater at the niiddln 
than at the extremities. It ia Airtber m 
theslaaaea have a spherical figure. 

They have first this prapem, that b _ .,. 

to the BUD, thev prevent beniod them a focna, whick 
ia the image oi that luminary, and which iaendowedt 
like it, with the property of iUnminating and bon- 
ing. The reason is, thai all the raya issning Croa 
the sun, and falling on this surface, are Mrilectod by 
the refraction of the glua into a sin^e point The 
aame thing happens, whatever be ibe obfect exposod 
to such a glass ; it always presents the imam of it, 
which you see inalead of the object itsetf. Ttw 
fnllowins figure will render what I have said DMun 
intelligible. 

Let A B C D, JY^. 36, be s convex J^^. Sft. 
riass, before which ia placod an object ' - - 
£ O F, of which it will be snOlcient to 
conaider the three points B, G, F. llie 
raya which, from the point E, fall upm 
the riaaa, are contained in the space 
A E B ; and are all collected in tbo 
^Mce A e U by refractioD, so as to meet 
io the point e. In the same maoDer, the 
rays from the point O, which l«dl on 
the riasa, and which fill (he apace 
A G B, are comprehended bv means of 
refraction in the space AgB, and meet 
in the point g. Finally, the raya from 
the point F, which fall on the psas in 
the an^le A P B, are refracted so as to 
meet m the point / Thus we shall ■ 
hne the image « g/ in an inverted poaitioi 
ttMgUM; aBdBB«yeplMad.atO,bMiiidll 




wSt be iltflctod intite eame manner u if the object 
were at tf /inverted, and u maav time* aauUn 
as the distwice D ; is smaller than tne distanee C O, 

In order to detennine the place of the image •;_/*, 
we mnat attend as well to the form of the glas* m 
to the distance of the object. A« to the fint, it may 
be remariced, that the more convex the ^sa ia, in 
other words, the more that the thickneai of the mid- 
die C D exceeds that of the extremitiea, the nearer 
the image will be to its surface. With regard to the 
distance, if you bring the object E F nearer to the 
jriasa, ita image tf retires from it, and redprocally. 
The image cannot be nearer to the g^aas ttun wbni 
the object ia at a very great distaitce from it. llie 
image ia th«i at the same diatance as that of the ann 
would be, which point is denominated the focna of 
the lens. When the object, then, is veiy distant, 
the image falls in the verv focus ; and the nearer 
you bring the object to tne glaas, the farther the 
iroa^e retires from it, and that in conrormity to a 
law in dioptrica, by means of which you can uwa^a 
determine the place of the image for every dtatanoe 
of the object, provided yon know the focna of the 
glass, that is, tne distance at which it c(rilect* the 
rayi of the sun, in a apace anOciently amall to set 
on Are a body exposed to it. 

The point where the rays meet is, as has been 
said, the place of the image. Now, this point is 
easily fonivl by experience. The differeat denomi- 
Mtionti of glaasM are derived from it, as when we 
Bay. such a glass has its focus at the diatance of an 
inch, anotlter at the diatance of a foot, another at 
tiie distance of ten feet, and so on ; or, more con- 
cisely, a glass of an inch, a foot, or ten feet focus. 
Long telescopes require glasKi of a very distant 
focus, and it ia extfomely difficult to make them 
exact. 1 once paid l(M) crowns for one lens, which 
I sent io the academy of Petwaburg i it haa ita 
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focui at Uie dutancc of SOO feet.' I m CMiriiic«d 
it was or no gnaX value ; bat they wiahed to bat* 
it on account of its nxity. 

To be satisfied tkat the Tcpresentation of Ui* 
imwee gf in J^. 96 it leai, you have only to 
bokfat UiHl place a piece of while psper, the par- 
ticle! of which are ausceptible of the different kinda 
of vibralions on which colours depend. Then all 
the rays from the point E of the object, on meeting 
at the point e, will put the particles of the p«p«r into 
a roorement of vitvatjon similar to that which the 
pomt E has, and consequently yon will see the point 
t of the same colour as the point E. In like man- 
ner the points j- and/ will have the same colours ax 
the points G and F of the object ; and yon will like- 
wise see on the paper dl the points uf the (ritjeet 
expressed in their natural co)ours; which wiU npn- 
senl the most exact and the most beautifn) pictiirs 
of the otiject. This will succeed perfectly w^ in '■ 
dark room, by applying a convex lens to a bolo 
made in the shutter. You wiU then see on a sheet 
of whits paper, placed opposite to the aperture in 



the bhotter, all the external ottjecta so exacdr 

Kinted, that you may trace them with a peocil. 
lintera make oae of such a machine for desifaiiif 



landscapes and other viewa.f 
lUA Avgiut, 1760. 
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LETTER XU. 
Of VMoii, aiU tk* StnKt>n ofttu Ei/t. 

I IN now enabled to explain the phenomena of 
Tiaion, which is undouhtedly one of the grotteit 
opention* of nature that the human mind can con- 
template. Thouffh vrt> are rery far abort of a pm- 
fect knowledge of the mbject, the little we do know 
of it is mora than sufficient to convince us of tte 
power and wisdom of the Creator. We discover in 
the structure of the ejre perfections which the moat 
exalted nnins could never have ima^ned. 

I shall not detain vou at present with an anatomi- 
cal description of the 'ey^ It is gufllcient to re- 



I U» ■nUaMlli) ta nptaln ■ pM nrMy tf unnl pto- 
—■ ■ ■ » . Ian nail Ml bt nftma H uy wamtl prindi'* ; nd br kM 
fciwy If tki law if lim>*nD«, bt mn ta mCi lo kivt MMhMi 
n» tttiff tmiattOmt. TM )lafiilw |ikHa«MM if ■»• potulailM 
Mi tki Mif mntUtm or VtU, »Wk ««« Wtomnl «KBnnd, 
-HUM ibwT iramUiUUaH; 



>i i[ III iipiiiilii ■>! T-|| nr A pwiuiij fet th> anHof M* 
BM Hm»iu, Ita ttmHWlf Mtti wWek Jl •utaliH (k> frmnt pto. 
■J— ■■■■^ pHkifia pHtMB or HUooKl Ili5ui. Mn anftajia 
^n a >■— iiimi la rUa nannj. Tk> *■«■ of mA, kawanir, tern- 



tea ifcftm. aMwKkMiMiit tM ntnantr M iMnn UM iki nawr 
Miflkh* sT Ml kipMtwU (} mwMIMH. hjr iIh num profMotiir ite 
■tWMfMtsaaftwni aai M Ibi OMHiMN h la Iha pnnUlac Ibmt. 
Tkt mm Imntt iraMlH an Utfi lanatli wk l lika * I* ik« af lir 
J. r. Umttfit, I* iM jt-y f Fi> Hit tun jpiriUJii, la wkkklHa ItaNy 
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maik, that the exterior i 
brane aAb, Fig. 36, is traospft- 
rent, and u calwd the eomta of i 
the eye ; behind tUsi on the in- : 
aide, ia another membrane f m, , 
i' m, circular and coloured, which 
' we chU die iru, in the middle of ' 
which ia en aperture m m, called 
the n^i which appears lu os to 
be Mack. We Am behbd this apnmre, the cryittt. 
Urn* Awnmr, ft B C o, which is a hodj somewhiit re- 
asrobling in form a small bunung-|laae ; it is per- 
fectly transDuent, and is covered with s thin meio- 
brane, called its ea p m U *. Behind the crystalline ho- 
inoiir the cavity of the eye is filled with a tramparest 
telly, called the vUrtout humour. The anterior spaca 
between the thick cost a A ? and the crystalline a B 
contains a flnid like water, 4hich for that reason ia 
called the agveottt humour. 

Here, then, are four transparent snbstancvs, 
throng which the rays of li^t that eater into Uie 
eye must pern: 1, the anterior coat, or eomeg; 9, 
the ajuetnu humour, between A and B; 3, the (ry»- 
tailint, bB C a; 4, the vitrtout hummu: These four 
sobetances dUTer as to densitv; and the rays psse- 
ing IVom one to another nndergo a particular re- 
fraction ; and they are so arranged, that the raya 
coming from a point of any oQect are still col- 
lected within the eye in a point, and there |weaent 
an imaffe. 

Theliottom of the eye at E G F, or Um retiiM, ia 
Ikmushed with a whitish tiesne, adapted to the re- 
ception of images : and' it is thns, yon will please to 
recollect, that the images of objects may be repr^ 
sented on a white gronnd. Conformsbly to the same 
principle, all the objects whose rays enter i ' " 




BTRCCTOHK or THC BTE. 1S7 

ptlnted there bo exactly that no artist conld enrpass 
it, or ereu arriTe et such a degree of peTrection. 
And in order to see any object whatever, the object 
must alwaya be painted on the retina ; aiid when, 
nnfortunately, any of the parts ot the eye are in- 
jured, or lose their transparency, the person becomes 
Mind. 

But it is not sufficient, in order to our seeing ob- 
jects, that their images should be painted on the re- 
tina; same are bhnd, though this takes place. Hence 
we see that images painted on the retina are not, 
after ^11, the immediate object of vision, and that 
the perception of the soul is communicated some 
other way. The retina is a reticulated contexture 
of nerves the moat subtile, communicating with a 
peat nerve, which, coming from the brain, enters 
the eye at O. and is denominated the optic nerve. 
These small nerves of the retina are agitated by th« 
rays oflight which form the image at the bottom of 
the eye ; and this agitation is transmitted by the optic 
nerve to the brain. It is there, undoubtedly, that 
mental perception is formed ; but the most dexterous 
anatomist is , unable to pursue these nerves to- their 
source — the union of the soul with the body must 
for over remain a mystery. 

IStA Augutt, ITBO. 



LETTER XLII. 

CmtinuiUim. Wonderi discoveraMe in the Slruetttrt 
of the Ei/e. 

Ir will not be disagreeable to you, I hope, to con- 
template with me, somewhat more attentively, the 
wonders discoverable in the structure of the eye. 

And, first, the pupil presents an object hiu;hly 
worthy of admiration, it is that aperture wliich we 
find in the middle of the iris or star m m, by which 

Vol. I.— O 




the raya pus into the inside of tho eye, and whicb 
appear* mack. The larffer it ia, the greater qiian- 
titjr or raya can enter into the eye, to form on the 
retina the image which appears painted there ; thua 
the more the pupil is opened, the more brilliant this 
image will be. 

On carerulty examining the human eye, we ob- 
eerre that the aperture of the pupil is sometimes 
greater and sometimea smaller. It ia generally re- 
marked, that the pupil is contracted when expoaed 
to a very strong light : and, on the contrary, very 
much dilated when the light is faint. Ttiia variatiOB 
ia absolutely necessary to the perfection of^ision. 
When we are in a very atrong light, the rays btkpg 
more powerful, fewer of them are wanted to avitate 
the nervea of the retina; the pupil, accnrdinuy, i« 
then more contracted. Were it more dilated, and 
consequently admitted more niys, their force would 
agitate the nervea too violently, and occasion pain. 
It is for this reason we are unable to look upon the 
aun without being dazzled, and without esperienciiig 
a eenaible pain in the bottom of the eye. 

Were it possible for ua to contract Uie pupil atill 
more, so as to admit only a very smaH quantity of 
raye, we should not be veir greatly incommoded by 
it; but the contraction of tne pupil ia qot in our own 
power. Eaglea possess thia advantHge. and are aUe 
to look directly at the sun ; it is accordingly re- 
marked, that their pupil ia then ao moch contracted 
as to appear reduced to a point — 9 clear light re- 
quiring a very amall dilatation of the pupil. In pro- 
portion as the light decreases, the pupil dilates, and 
m the dark it is so enlarijed as almost to occupy 
the whole of the iris. If it remained in the aame 
state of contraction as in the light, the rays which 
enter into it would be too weak to agitate the IlcrMH 
BS much as ia neceaaary to vision; the rays must, 

therefore, be then admitted in greater '*" — "" 

in order to pradnce a senaSde bIImI. 
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Were it in our power toopen the pupil still more,* 
veflhonld be able to see in & greater degree of dark- 
IKM. To this purpose we are told o( a person, 
who having received a blow on his eye, Ihe puful 
was so dilated by it thai he could read aiid distin- 
guish the minutest objects ia the dbrk. Cats, and 
aeTeral other animals which roam in the dark, have 



the faculty of enlarging the pupil much more than 
the hniaan species ; and owls hare theirs at all times 
too much dibted to bear even a moderate degree of 



light. 

Now, when the pupil of the human eye dilates or 
contracts, it is not bv an act of the will ; man not 
h«ring the power or dilating or contracting the 
pupil at pleasure. As soon as he entera into a lu- 
minous situation, it spontaneously contracts, and 
dilites o» his return to darkness. But this change 
is not produced m an instant ; it requires a litUe 
time for this organ to accommodate itself to circom- 

Yon mult, no doubt, have remarked, that as often 
ks you make a very sudden transition from a clear 
light to a dark place, as in the theatre, you could 
not at first distinguish the company. The pupil 
was still too narrow to permit the (ew feeble rays 
which it admitted to malce a sensible imivessioni 
but it gradMlly Mated to receive a sufficiency of 
rays. The contrary hsf^ns when you pass sud- 
dedy from darkness to a clear light. The pupil 
being then very wuch expanded, the retina is struck 
in a nvely manner, you are quite dazzled, and under 

. the necessity of abutting your eyes. 

It ia then a veiy remarkable circumstance, that 
the pupil shqohi mlste and contract according as 

;Tiaion requires, and that this change should take 

• AhbMiti *i run« M ilil> h niiBFiilw aHRbn. jh bj psuhi| * 
4rs|i ^Uw Jala oT 111* Bdlidannt. or if Uh HroKrwnw. ■P" autjw, 
Mk* pi*U oUI dllaw lUBir In IB unoMUnur ^fTH^ ud nula IMttfla 
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place almost spontaneouely and independently o( 
any act of the will. Philosophers who exaAine the 
structure and the funclioiis of the huniau body are 
greatly divided in opinion as to this BUbject-; and 
there is little appearance that we shall ever have a 
satisfactory solution of thle wonderful phenomenon.* 
The variability of the pupil is, however, an object 
essentially necessary to vision ; and without which 
it would be very imperfect. But various other pur- 
ticulars are diecorerable, equally entitled to aaioi- 

17(A Augvit, 1760. 
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Further Continualion. — Attoniihing Difference betwetn 
the Eye of an Aaunal, aiuU the Art^ial Eye or Cm- 
mtra Obscura. 

TBI principle on which the structure df the eye is 
foundea is in general the same as thai according to 
which I explained the representation of objects on 
white paper by means of a convex tens. Both of 
them must be resolved into this, that all the raya, 
proceeding from one point of the object, are again 
collected in a single point byrefraAion; anditseeniB 
of little importance whether Ibis reiraction isper- 
formed by a single lens or by the several transparent 
substances of which the eye is contpoeed. It migM 
even be inferred from thence, that a structure more 
«mple than that of the eye, by employing one singla 
transparent substance, would have been productive 
of the same advantages ; which would amount to t 
very powerful objection against the wisdom of tho 

•TlK conlTWilini uid dUtiuioa o( ili> pupil *n now iimllj 
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Crettor. who hu asaaredly ponaed the Biinpleit 
laad iiHke foimation of all his works. 

Penont have not been wRntina who, from not 
haTuiff attentively examined the aavantages result- 
ing from this apparent complication, preHumed to 
eeitmire this beautiful production of the Supreme 
Being with a levity norlhy of censure. They have 
pretended it was m their power to produce a plan 
more wraple for the structure of the eye, because 
tfaey were ignorant of all ^d functions which that 
m^B had to dischar^. I shall examine this plan 
of theirs; and I hope to convince you that it would 
be highly defective, and altogether unworthy of 
bung put in competition with that which actoally 
exista. 

Such an eye, therefore, would be reduced to a 
aimple coovex lens, A B C D, Fig. 37, which >.■ _. 
collects, in a point, all the rays coming from "s*'- 
one and the same corresponding point in the 
Object. 

But this is only near to the truth. The 
qriierical term given to the surfaces of a j 
Mus is liable to this inconvenience, that it 
does not completely collect in one and the 
aune point the rays which pass through its 
centre and those which pass through its ex- 
tremities. There is always a small dilfer- 
once, though almost imperceptible, in the 
experiments, by means of which we receive 
the image on a piece of white paper; but if '^ " 
this happened in the eye itself, it would render vision 
Tery confused. 

nie persons to whom 1 have been alluding allege, 

that it may be possible to find another figure for the 

* e «ie p 



• of the lens, which shall have uie property, 
of collectini^ anew all the rays issuing from the point 
O, in a pomt R, whether they pass through the 
oentre or through the extremities. I admit that 
Qiis maybe pOMihle ; but Mpposing Um lens to poft- 
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■esa this properly with respect to the point 0, at the 
lixed distance C O, it would not possess ilA pointa 
at a greater or less distance from the lensj or even 
admitting this to be poeslble, which it is not, the 
lens would most certainly lose that property with 
regard to objects placed on one side, at T, for in- 
stance. Accordingly we see, when object* ara re- 
presented on white paper, that though such as ara 
directly before the lens, as at 0, may be sufficieoUy 
well expressed, yet those which are obliquely titii< 
ated, a* at T, are alwavs much disfigUKd, and verr 
confusedly represenlea ; and this is a defect which 
the must in^nioua artist is iDcapable of rectifyinv. 

But there is another, and one not less considerabra. 
In speaking of rays of different colours, 1 remarked, 
that ia passing from one transparent medium to an- 
other, tliey undergo a different refraction ; that ra^a 
of a red colour undergo the least refraction, and vio- 
let-coloured rays the greatest. Hence, if the point 
O were red, and if Its rays. In passing througo tha 
lens A B, were collected at the point R, this would 
be the place of the red image. But if the point 
were violet, the rays would be collected neater to 
the lens, at V. Again, as while ia an assemblage of 
bU the simple colours, a white object placed at O 
would form several images at once, situated at dif- 
ferent distances froni the point O ; the result of 
which would be, on the retina, a coloured spot that 
would greatly disturb the representation. 

It is accordingly observable, that when in a dark 
room the external objects are represented on whita 
paper, they appear bordered with the colours of th» 
rainbow; ana it is impossible to remedy tbt* Effect 
by employing only one transparent body. But it baa 
been remarked, that this may be done by iMans of 
different transparent substances ; but neitfier theory 
nor practice have hitheno been carried to the dafra* 
of perfection necessary to the execution of a ttoc* 
tnra which sbould remedy all these defecU. 
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■ But tha eye which tho Creator has formed ia sub- 
ject to no one of all the imperfections under which 
nwim^narjcoDBtnictioQoi the freethinker laboara. 
Id this we discover the irue reaaon why Infinite Wia- 
doD) ban employed several transparent subetances in 
the foimation of the eye ; it ia thereby secured 
against all the defects which characterize every 
work of man. What a noble subject of contoro- 



■lation 1 How pertinent that question of the Psalm- 
ist ! Ht who fomud Ih* eye, tkall ke nol tte f and Ht 
wAo jdmUed Jit tar, ihall He not Itear t The eye alone 



being a masterpiece that far transcends tlw human 
nnderatanding, what an exalted idea must we form 
of Him who naa bestowed this wonderful gift, and 
that In the highest perfection, not on man only, but 
oa the brute creation, nay, on the vilest of inaecta ! 
l9thAuguMt, I'iM. 
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ducing. The different transparent subatancea of 
which it is composed hare not only a degree of dert- 
sity capable of causing different refractiona, but their 
figure la likewise determined in such a manner, that 
afl the rays proceeding from one point of the cAqect 
are really collected m one and the aame point, 
vhether tliat object be more or leu distant, whether 
it be situated directly or obliquely with respect to 
the eye, and thon^ its rays undergo different ro- 
fractioHs* 

. Were the leaat chsoee to be made in the natioe 
ind figure of theae substances, the eye would loae 
iU the ndvaatam whieh we have Men admiring- 
Tta stnogth ofonr ai^t ii exictly proportioned to 
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the extent of om necessitieii ; and far from com- 
plainiiiE that objects too remote escape this orgnn, 
we ou^t, oo the contrary! ^ consider it as one of 
the moat precious gifts of the Suptenie Being. 

It rotiM be further remarked, inat in order to see 
objects diMinctly, it is not sufficient that the rays 
which come (torn one point should be collected in 
snother. It u likewise necessarv that the [Mint ot 
reunion should fall preciseljr on the retina : if it fell 
either short of or beyond it vision would become 
confused. Now, if for a certain distance of objects 
this point of union fall upon the retina, those of 
more distant objects would fall on apart within the 
eye short of the retina ; and those ot nearer objects 
would fall beyond the eye. In either case Iberw 
would be a confusion in the imBge painted on the 
retina. 

The eyes of every man, therefore, areconatnictod 
for a certain distance. Some persona see distinctly 
only such objects as are very near to their eyes ; wo 
call tbem Myopi, that ia, short-sighted. Othen.on 
the contrary, named Preibylei, see diatinctly object* 
onl^ which are very distant. And those who see 
distinctly objects at a moderate distance are said to 
have good eyes. Both the other two, howere^ hsvs 
the power of contracting or dilating the globe of the 
eye to a certain de^e, and thereby of brivinf 
nearer, or of removmg, the retina, which eoaUes 
them likewise to see ckarly objects a little more or 
leas distant ; diis, undoubtedly, greatly contributes 
to render the eye more perfect, wA it caanot surely 
be ascribed to chance merely. 

Those who have good eyes derive most advaaUige 
from their structure, as they are thus in a condition 
to see distinctly objects very distant and ve^ near; 
but this never exceeds a certain limit. Tttere is, 
petiups, no one who can see distinctly at the dis- 
mm of an inch, and, conseqiisntly, still 1ms at a 
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«inaller distance. K yoa hold a piece of writing 
cloM to your eyes, you will see the Characters but 
very confusedly. This is all I presume to offer oa 
« subject of such high importance.* 
UUt Atig. 17S0. 



LETTER XLV. 

Of Grotniy, eiuuidered at a gentrai Properly of Body. 

Havuk) now treated of Ught,t I proceed to the 
consideration of a property common to all bodies— 
that of ffravity. We find that all bodies, sobd and 



1, faUdt 



fluid, fail downward when thoy are not supported. 
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I hold a atone in my hand; if I let'it go, U fuDstt 
the ground, aikl would Tall still farther were there 
an aperture in the enrth. While 1 write, my paper 
woDul fall to the ground were it not eupported t^ 
the table. The aame law applies to erery body 
with which we are acquainted. There is not one 
that would not fall to the ground if it were qpt aup- 
ported, or slopped by the way. 

The cause of this phenomenon, or of this propen- 
sity of all bodies, is denominated graviiy. When it 
is said that bodies are heavy, or poBsesa nsvity.we 
mean that they have a propensity to fall downward, 
and actiMllv would fall if we remoTe what before 
aupportetl them. 

The ancients were little acquainted with this pto^ 
erty. They believed that there were bodiee which 
had naturally a tendency to rise, such as smoke and 
vapours ; and such bodies Ihey termed light, to dis- 



in a space void of air, it is well known, by roeuM 
of the air-pump, that smoke and vapours descend u 
well at stone, and that these substances are, of Ibeir 
own nature, heavy, like others. When, therefore, 
they rise into the air, the same law acts upon them 
which acts upon a lo^ of wood plunged into tbe 
water. Notwithstanding- its eravity, it «prings up 
as aoon as you leave it to itself, and swims, becaua* 
it is not so heavy as water ; and in virtue of a ftene- 
ral rule, all bodies rise in a fluid of more gravity 
than themselves. 

If you throw a piece of iron, of c«p^, of nteer, 
■nd even of lead, into a vessel full of fuuktUver, they 
swim on the surface ; and if you force them down, 
they reascend when left to themselves. Gold aloae 
sinks, because it is heavier than quicksilver.* And 
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•inee Ihere are bodies whicb rise in wster and ii 



ir thoee other fluids ; it la not at all e 
certain bodies, less weighty than air, aach as amoke 
and vapours, sbcuid rise in it. 

I have already remarked that air itself possesses 
gravity, and that by means of thia gravity it sop- 
ports the mercury in the barometer. When, ther«< 
fore, it is affirmed that all bodies are heavjr, it is to 
be understood th>it alt bodies, vrithout a amgle ex- 
ception, would fall downward in a vacuum, f might 
venture to add, that they would fall with an equal 
degree of rapidity ; for a feather and a piece of 
gold descend with equal velocity in an exhausted 
receiver. 

It might be objected to this general property of 
body, that a shell discharged from a mortar doea 
not at once fall to the ground, like a stone which I 
let drop from my hand, out mounts into the air. It 
cannot, however, be inferred that the ahell has no 
gravity -, for U is evident that the Htrenoth of the 
ponder hurls the bomb aloft, and but tor this, it 
would, without doubt, immediately full to the ground. 
And we see, in fact, that it does not continue alwaya 
to ascend, but as soon as the force which carries it 
ttpward is exhausted, down it comes with a rapidity 
that crushes every thing it meets — a sufficient proof 
of its gravity. 

When, therefore, it is aArraed that all bodies are 
heavy, no one means to deny that they may be 
stopped, or that they may be thrown alofl; but this 
is effected by an external power ; and it remains in- 
dobitaUy certain that alt bodies whatever, as soon 
as left to themselves, at rest or without motion, will 
assuredly fall when no longer supported. There is 
a cellar under my apartment, but the floor supports 
me, and preserves me from falling into it. Were 
ttie floor aoddenly to crumble away, and the arch of 
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Ota cellar to tumble in at the same time, I most to- 
falUUy b« precipitated into it, because my body i« 
benry, like all otheT bodies with which we are a& 

auainted. 1 say, mitk tehich tut are acqamitited, fot 
lere may, perhaps, be Imdies destitute of weight! 
such as, possibly, light itself,* the elementary Htk, 
the electnc fluid, or th&t of the mafrnet : or such as 
the bodies of angels which have formerly sppesrAd 
to men. A body like this would not fall domi> 
ward, though the floor were suddenly to be removei] 
from under it, but would move as firmly throu|f)] the 
air as on the earth. 

Except these bodies, the gravity of which ia not 
yet confirmed by experiment, gravity muy be con- 
sidered as a general property of all the bodies which 
we know, in virtue of which they all have a tend- 
eiKry to fall downward, and actually do so when 
nothing opposes their descent. 
aitlAugiut, 1760. 



LETTER XLVl. 
Continuation. Of Spee^ Gravity. 

Yon have just seen, that gravity is a. general prt)p- 
erty of all the bodies with which we are acquainted, 
ano that it consists in the effect of an invincible 
force, which presses them downward. 

Philosophers have warmly disputed, whether there 
actually exists s power which acts in an invisible 
manner upon bodies ; or whether it be an internal 
quality inherent in the very nature of the bodies, 
and, like a natural instinct, constraining them to 
descend. The tpiestion amounts to this; ifthecause 
of gravity is to be found in the very nature of every 



k.~A,n. s*. 
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boAf , or if it «xistfl witlunit it, ao that were Oiia «s. 
trinsic power to fail in its operation, the body woaM 
ceHH to be he«Ty. Before we attempt asolution of 
^lia, it will be necesaary to examine more carefidly 
dl (he circummancea connected with grwnVf. 

I remark, fint, that when you siumort a body to 
fH«*ent tta falling, if it reata on > iHUe, ita preMura 
la equd to the force with which it would tend to fall ; 
and if a thread ia affixed to it, bv which it may be 
aiiapended, the thread is stretched by that force ; in 
other words, l>y the gravity of thit body ; ao thai ijf 
the thread were not of a certain atrength, it would 
break. We see, then, that all bodies exercise a 
degree of force on the obstacles which support them, 
and prevent their fallings ; and that this action ia pre- 
ciaely the anme as that which would make the body 
descend if it were at liberty. When a stone is laid 
upon a table, the table ia pressed by it. You hare 
but to put your hand between the atone and Um 
table to be aeosible of this force, which may be in- 
creased to such a degree as even to crush the hand. 
This force is caUed the grarity of the body; and it 
is dear, that the weight or the gravity of every 
body si^Hes the same thin^, both denoting the 
force with which that body is pressed downward, 
whether this force exists m the body itaelf, or out 
of it. 

We have an ideatooclearof the weight of bodiea, 
to make it necessary to dwell longer on the auhject. 
I only remark, thai when two botfiea are joined to- 
gether, their weight too is added, so that the weight 
of the compound is equal to the sum of the weight 
of the parts. F>om this we see that the weight 
of bodies may be very different. We have also the 
certain means of exactly measuring and comparing 
them, by the help of a balance, which has the prop- 
erty of resting in equilibrinra, when the bodies, put 
in its two scales, are of equil gravity. In order to 
make this comparieon, we abrevoa some fixMl«ia»- 

Voul.— P 
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sareiMnt, of ■ ceitam detenninate weigbt, such u ■ 
poimd, and, bv m«aiu of a good bslaoce, all bodias 
may be weigMd, nod their gravity aacertained, ac~ 
cording to t&e number of pounds which they contaia. 
A body too great to be put intotbeacaleof a balatice 



weignt of a whole honae, however large, may be 
thtu aacertained. 

Too must, no doubt, have frequently remaned, 
that a small piece of gold weighaaa much as a piece 
of wood KTcatly superior in siie— a proof Uiat the 
gravity of bodies is not always regulated b^ their 
ma^tude; a very small body may be or great 
weight, while a very large one may be li^t. Every 
body, then, ia susceptible of two meaenreroenbt, en- 
tirely different from each other. The one deter- 
mines ita magnitude or extent, called likewiae ita 
■iie ; this measuremeDt belongs to the province 
of geometry, which leaches the method of meastiring 
the magnitude or extent of bodies. The other mode 
of measurement, hy which their weight ia deter- 
mined, is totally different, and serves to disttnguish 
the nature of the different subetaocee of which bodies 
are foiined. 

You can easily conceive several masses of differ- 
ent substances, all of the same magnitude or extent ; 
each, for examjile, of s cubic Sgiue, whose length, 
breadth and height shall be a foot. Such a mass, 
if it be of gold, wonld weigh 1330 pounds; if of 
silver, T70 pounds ; if of iron, fiOO pounds ; and if of 
water, only 70 pounds 1 wereitof air, it wonld weigh 
no more than the twelfth pari of a pound. From 
this you see that the different snbstances of which 
bodies are composed vary considerably in respect 
(rfgrarity. 

To ex[»eas this diffisraice, we employ eertaia 
tcmis, which ni^ appear equivocal, if they wero 
Mt pvTfectly mdnitood. tIibb, wtnn it t> sskl. 
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fliat nU ifl heavier than tUvtr, it i> not to be ladn^ 
stood that a pound of gold is hfiarier than a poond 
of aiUer ; foi a poima of whatever mibetaDce ia 
alwava a pound, and has always precistiy the samo 
weigiit ; but the meaning ia, that having two nassea 
of the same size, the ooe gold and tb^ other silrer, 
the weight of th4 maaa f>f gold wiH exceed that of 
the Bil*er. And when it is aaid that gold is IB 
times Heavier than water, we mean, that having two 
equal masses, the one of gold, the other of water, 
that which ia of gold will have 19 times the wei^ 
of that which is of water. When we thus express 
ourselvea, we say nothing of the absolute wei^ 
of bodies, we oruy speak by way of compaiisoDt 
Bod with a reference always to masses of an equal 
size. Neither is it of importance whether the siM 
be great or small, provided they be equal. 
3SlA AuguMi, 1760. 
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T^rmt Ttlatw* to Oraaity, and iMtir true Import. 

OaiTtrr, or weight, seems so essential to the 
natureofbodies, thatitisfllmost impossible to form 
the idea of a body divested of this quality. And its 
influence is so universal in aU our operations np<m 
body, that we must in every instance pay attention 
to its gravity or wei^t. As to our own persuoL 
whetlier we stand, sit, or lie, we continually feel 
the effect of the gravity of otir own body : we could 
never fall if the body were not, as well as all its 
parta. endowed with this force. Language ilself is 
regulated according to this property of bodies. The 

See towards which a body tends in its descent we 
m iOT0, and the offonU direction from the body 
ne term high. 
It must be rema^Ml, that when m body, in ^''''fi 
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u at perfect liberty, it always descends in a straight 
line, punuing which, iU direclion is said to be down- 
wards. ThislineisUkewiBe called t«rttciil, by which 
term we always meim a straight lioe, drawn from 
high to low ; and if we conceive this line produced 
upward, till it reaches heaves, we call that point in 
the heavens our tertUh — an Arabian word, denoting 
that point in the heavens which is directly over our 
head. You comprehend, then, that a vertical tin« 
is that straight line in which a body falls, when no 
longer supported. When you affix a thread to any 
body, holding It fast at the other end, that thread 
will be stretched out into a straight line, and that 
line will be verticaL Masons employ a small cord, 
with a leaden ball at one end, which they call a 
fbanniel, to direct the perpendicularity of the walls 
which they raise; for these, to be solid, mnat be 
vertical. 

All the floors of a house ooght to be so level that 
the vertical line shall be perpend iciitiu' to tbem ; the 
floor, in that case, is said to be horizontal; and yon 
will jdease to remember, that a horizontal plajie is 
always tiiatto which the vertical line is neipendicn- 
lar. When you are in a perfect plane, Dounded by 
no mountain, its extremities are termed the horittm 
—4 Greek word, which signifies the bouudary of 
sight; and this plane then represents a borizontal 
[dane, just as the surface of a lake. 

We make use of still another term to express what 
is horizontal. We say that such a surface or line is 
level. We likewise say, that two points are on the 
level, when a straight Une passing through these 
two points is horisontal, so that the vertical, or 
plumb-line, shall be perpendicular to it. But two 
points are not on the level when the straight Una 
srawQ through these points is not horizontal ; for 
Uien one of them is more elevated than the other. 

This is the case with rivers ; their surface has s 
dfclirity; for were it hoiiuntal, the river wonld be 
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stagnant, and ran down no longer, whereaa dl riT«n 
arecontiDuallrflowingtowarda places leu elevated. 
There are inatrunienU by means of which we can 
ascertain whether two points ar« on the same lerel, 
or which is the higher, and by how much. This 
instrument is colled a Imd, agd the application of it 
is called the art of leveUing. 

Were you to draw a straight line from any point 
in your apartment at Berlin to a given point in your 
apartaient at Magdeburg, you nurht, by means of 
such an instrument, ascertain irtieiher this line were 
horizontal, or whether one of these points were more 
or less elevated than the other. 1 Deliere the point 
at Berlin would be more elevated than that at Mag- 
deburg: andl found this opinion on the course of 
the rivers 8pr6e, Havel, and Elbe. As the SprAa 
runs into the Havel, it must of courwe be higner; 
and, for the same reason, the Elbe must be lower 
than the Havel : Berlin Iherefote stands higher tlian 
Magdeburg, provided you compare two pomta st an 
equal degree of elevation fhtm the g^und; for, 
were a straight line to be drawn from the street 
pavement at Berlin to the pinnacle over the domn 
at Magdeburg, that line would perii^M be hori- 

Hence you see how uaefiil the art of taking levels 
is, when the conducting of water is concemad. For 
■s water can run only from a more to a less elevated 
situation, before digging a canal yon must be weU 
assured that one of the extremities is more elevated 
than the other, and this is discovered by taking the 

In building a city, the streets should be so dis- 
posed, as that, by means of a declivity nn one side, 
the water may run off. It is otherwise in the con- 
struction of houses, the Doors of which should be 
perfectly horizontal, and without the smallest decliv- 
ity, because there is no water to be discharged, ex- 
c«pt in the floors of stables, which ai* eonsmioted 
P8 
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with a gentle declivity. Aatronomera take gnat 
pains to have the floors of their oheerratorieB per- 
wctly lerel, (o coirespODd with the real horiEon in 
the heavens. The vertical line, produced upwanl, 
marks the zenith. 
mtkA^gtut, 1760. ^ 



LETTER XXViri. 

Rtplg to cartam O^ectioat to tht EartKt Spieneal 
Figvr«, dtrived from (rratilg. 

You kno* well, that the figure of the eaitb is 
neaily that of a riobe. It has, indeed, been demon- 
atreted, that its form is not perfectly spherical, but 
•omewhnt flattened towards the poles. The diflTer- 
ence, however, is BO trifling, that it does not at all 
affect the object 1 have in view. Neither does tlw 
difference or mountain and valley excite any solid 
objection to its globular flgure; for its diameter 
beug 7919 English miles, the highest mountains 
bein^ about Ave English milee in height, sink into 
nothing, compnred to this prodigious mass. 

The ancients had a very imperfect notion of the 
real figure. of the earth. It was in general consid- 
ered as a huge massy substance, n. ^ 
A B C D, Fig. 38, flattened above ' 
as A B, and covered partly with 
earth, partlv with water. Ac- ( 
cording to their idea, the surface 
A B alone was habitable; and it was imposaible to 
go beyond the paints A and B, which they consid- 
ered as the extremities of the world. When, in the 
progress of discovery, it was found that the earth 
was nearly spherical, and universally hablt^le, so 
that there were upon the globe spots' diametrically 
<^>poBite to us, tlie inhabitants of which are there- 
fore called out mOipeAt, becaoae their feet ue 
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timed directly towards otir»— this opinion in«t«ith 
SDch violent contradiction, that certain fathers of 
tbe church repreeenttd it aa n dreadful hereiy, and 
thundered out anatheroaa against all who believed in 
the existence of the antimdes. A man, however, 
would now pass for an idiot who would pall it in 
qaestion ; especially ^ince th8 opinion has been con> 
Armed by the experience of navigatore, who havo 
fluently sailed round the globe. But another dif- 
ficulty here presents itself tbe solution of which 
mnat aasist us in discovering the real direction of 
gravity. 

If the circle A B, F^. 39, say they, — „ 
represent the earth, and we aie at A, '*■••- 
our antipodes wiH be diametrically op- -jfc. 
poaite at B. Aa we, then, have the head /'"^'^^^ 
upward and the feet downward, our an- / \ 

tipodes roust have the feet upward and/ 1 



aa when we pronounce the aame ^*>i-^ 
words at tbe place where we are. T^ 

For navigatora who have made the 
circuit of the globe, observe, that their bead and 
feel had throughout mainuined the same position 
relatively to the surface of the terrestrial globe. 

Some per«ona, whom this phenomenon smbar- 
rasaed, formerly thought of expfaioiiig it, by the coro- 
parison of a globe, over the surface of which you 
■ee fliea and other insects crawl on the imder aa 
well as the upper part. But they did not conaider 
that the insecta on the dependent surface adhere to 
It by their claws, and without this asaiatance would 
presently fall off. The antipode, then, must hav* 
nia shoes ftimiahed with hooka to hold hunfaat to the 
■urface of the earth; but though he haa none, he 
does not fall, any mors thanwe do. Beside«,uweio^ 
aijae ounelves to be on the upfwimost mtftc* of ttif 
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etaih, the antipode has the same idea of his ntii^ 
tion, and conBidera us as undeimoat. 

But the whole phenomena are easil7 accounted 
fof on the hjniothesia which experience haa demon- 
■tnited, that the direction of gravity is acnsibly per- 
pendicular to the surface of the eurth, at ereirpoint 
of that surface; that^t Taries at these different 
points ; and that at those which are antipodes to 
each other it must be exactly opposite. The temu 
uptcard and doanaard, therefore, do not express an 
invariable direction, but the direction of gravity, 
wherever it is. Our antipodes have their bea^ 
dotnuBori only with relation to us, but not with rela- 
tion to themselves; they, as well as we, are in the 
position which the power of gravity constrains them 
to preserve ; and that position is similar, relatively 
to the surface of the earth. You had, undoubtedly, 
DO need of this explanation; but there was a time, 
and it is not long elapsed, when it would have been 
necessary even to persons who were then honoured 
with the appellation of the learned. 

S8M Atigutt, 1700. 



LETTER XLIX. 

Tnu DirtctioH and Action of GraeUy rtlatkdy ta tit* 
Earth. 

Trooob the surface of the earth is unequal,' be- 
cause of the mountains and valleys which overspread 
it, it is, however, perfectly level wherever there is 
•ea; the surface of water being always horizontal, 
■nd the vertical line, in the direction of which bodies 
fall, being perpendicular to it. If, then, the whole 
0obe were covered with water, at whatever spot 
of the surface a person was, the vertical line would 
M peipendicular to the aurfRce of the wuar. 
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Thna, Uie flgitK A B C D B F O H 1, JV- 30< MVk 
reHntipg the earth, iU sur- j^ m 

face being everywhere hori- 
ztmUl ; at A the line <■ A 
will be vertical; at B the 
line ft B ; at C the line c C t 
at D the line d D ; at F the 
line / F [ and ao of the rest. 
Now, at every place the ver- 
tical line determines what 
is to be denominated upaari 
or io^nmatd; to peraoos at 
A,then,thepointAis down- 
ward, and t^e point o up- 
ward \ and to persons at F, the point F wUI be dowi^ 
ward, and the point/ upward, and bo for every other 
spot on the surface of the earth. All theae vertical 
linns s A, t B, c C, d D, &c. are likewise named the 
directions of gravity, or weight, because bodiea uui- 
Teraally descend in the direction of theae lines ; thus, 
a body led to itself at g wouU fall in the directioB 
of the line g G. Hence it is evident, that bodiee 
Universally must fall towards the earth, and that per- 
pendicularly to the surface of the earth, or rather of 
' the watb)', if it were water. 

At whatever place of tie earth, therefore, you 
may happen to be, as bodies fall there towards ita 
Burface, we call downaard that which is direotod to- 
wards the earth, or is nearest to it ; and inward wh^ 
is placed in the opposite direction, or is farthest 
fmvx the earth : and, uniTersally, men having their 
feet preased to the earth, their feet will be down- 
ward and their heads npw^. If the earth were a 
perfect globe, all the vertical lines e A, i B, c C, 
being produced Inwardly, would meet at the ceotro 
of the giobe, which is likewise that of the earth ; wad 
for this reason we say that bodies universally l«ad 
towards the centre of the earth. Thus, wherever 
.yon are placed, when asked, what is downwaidf 
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hole in the earth, at whatever place, and to continu* 
your labour incessantly, dining alwajs downward 
and downward perpendicularly, yon would at length 
t«ach the centre ofihe earth. You wiU remember 
how Vtllaire used to laugh at the idea of a hole 
reaching to the centre of the earth, mentioned t^ 
ifaupertuii. It is true, such a project could nerer 
be executed, as it would be necessary tu dig to th« 
depth of 3966 English miles ; but there ia no harm 
in supposing it, in order to dtacorer what would b» 
the result. 

Let us suppose, then, such a iv. %i 

hole. Fig. 31, to be dug at A, ^'- ' 

and continaed beyond tne cen- 
tre of the earth 0, the whole 
length of the diameter, as far as 
to our antipodes B, and that we 
were to descend along this aper- 
ture. Before arriving at the 
centre O, and having reached, 
for examplB, the point E, the 
centre of the earth wilt there 
appear downward, and the point 
A upward ; and, unless something supported us, ws 
should fall towards 0. But having paaixd beyood 
the centre, to F, for eiample, our gravity would thca 
have a tendency towards ; this point, and mock 
more the point A, would appear downward, and the 
point B upward. Thus the terma upward and down- 
ward would suddenly change their significatuKi, 
though we should have passed from A to B, in tlw 
direction of a straight line. 

Aslongasweareon the passage from A toO.we 
we descending; but in going from O to B, we an 
■ctuaily rising, for we are removing from the centn 
of the earth— our own gravity being always directed 
towatds that point; so that, if we wan to lUl, irtw- 
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tber tmii E or froin F, we Bbould always bll to- 
mrda the centre or the earth. Our antipode at B, 
if be wanted to j»ea from B to A, would be in pre- 
cisely the same eituation. From B to the centre O 
be iTOuld have to descend ; but froin O to A it would 
be all an aiicent. These considerations lead tis thus 
to define gravity or weight 1 IT is a power by which 
all bodies are fcttcod towards the centre of the earth. 
The same body which, being at A, ia forced in the 
direction A O, if transported to B, will be forced, by 
the power of paTitY, in the direction B O, which h 
directly opposite to the other. By the direction of 
^vity. then, we everywhere regulate the signiBca- 
boa or the terms upward and dmimvard, rut and dt- 
xend, as gravity or weight has a very essential in- 
fluence on all our operations and enterpriaeB, and m 
even our own bodies are animated by it to audi » 
degree as uaiveraally to feel its effects, 
sea Augiut, 1760. 



LETTER L. 



rn rAn Centre of the Earth. 

You are now sensible that all bodies are forced 
directly towards the centre of the earth, and per- 
pendicularly to its surface, hy their gravity: the 
perpendicular lines at the surface of our riohe are 
Kcordingly considered as the directions of the power 
of uravity. 

With strict propriety is the term potner ajmlied to 
gravity, as every thing capable of putting a oody in 
motion is expressed by that name. Thus we ascribe 
power to horses, because they are ^le to draw 
along a chariot ; or to the current of a river, or to 
fte wind, because by their means mills may be put 
in iDotiMi. There can be no doubt, theretoe, that 



IM AcmoH or sunrr. 

gravity is ft power, aa it forces bodioa dcnmwarl; 
and we are abundantly sensible of the effect of this 
power, by the p/easore which we feel when we cany 
a load. ^ 

Now, in every power two things are to be con- 
■idered : first, the air^tion in which it acta or forces 
tlang bodies ; and secondly, its qu^tity, which is 
eatimated by the effect it produces. As to the direc- 
tion of gravity, it is sufficiently known ; for we are 
sore that it forces all bodies towards the centre of 
the earth, or, which amounts to the same thing, that 
it acts perpendicularly to the surface of our globe. 

It remains, therefore, that we examine its quan- 
tity. Tliis power is always determined by the weight 
ot every body ; and as bodies differ greatly with re- 
spect to weightj those which are heaviest are like- 
wise forced down with the greatest violence. It 
has been asked, Whether the same body, transported 
to a different place of the globe, preserves iJways 
the same weight < I speak of t>odieB which lose 
nothing by evaporation. It has been demonstrated 
byundoubted experiments that the same body weighs 
somewhat less towards the equator than towards 
the poles of the earth. 

It will readily occur to yon that it is imposnble to 
sscertaio this diflerence by the exactest balance, be- 
cause the standard weights emp}oyed for determin- 
mgtbeweight of matter in bodies D.'dergo the same 
variation. Thus, a mass which with us mi^t weigh 
100 pounds, being transfforted to the equator, would 
aUU nominally be 100 pouztds weight, but the effbrt 
will be somewhat less than here. This variatioD 
has been discovered by the effect itself of the 
power of gravity, which is the ve'ocity of the de- 
scent : for it is found that the same body und« the 
equator does not descend with so great velocity ss 
bi high latitudes. It is certain, therefore, that the 
nnie body, being transported to different places oT 
wtarth, undergoes a little change as to weight. 
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Let UB now letum to tli« apertnre made in the 
earth through its centre; It is clear that a body at 
the very centre must entirely lose its gravity, as it 
oonld no longer move in any direction vrbeterer, aO 
those of gravity teudinf; continually towards the 
centre of the eartik. Since, then, a body has no 
longer gravity at the centre of the earth, it will fol- 
low, that in descending to this centre ite gravity will 
be sraduBlly diminished ; and we accoidingly cori' 
elude that abody penetrating into the bow^ of the 
earth loses its gravity, in proportion as it approaches 
the centre. You must be sensible, then, that neither 
the intensity nor the direction of gravity is a con- 
sequence from the natmre of every tKidy, as not only 
its intensity is variable, bnt likewise its direction, 
which, on passing to the antipodes, becomes quite 
contrary. 

Having travelled in idea to the centre of the earth, 
let us return to its surface, and ascend to the snra' 
mit of the loftiest mountains. We shall observe 
there no sensible change in the gravity of bodies, 
thouffh there is very good reason to believe thai the 
wei^t of a body diminishes in proportitm as it re- 
moves from the earth. You have but to imagine a 
body gradually removing from our globe, till it 
rea^M the sun, or one of the Axed stars, — it would 
be ridiculoBB to think that such a l>ody must fall 
back to the earth, as it is ahuosl a nothing compared 
to these stars. Hence, then, it may be concluded 
that a body in removing from the earth must un- 
dergo a diminution of gravity, which will become 
smaller and smaller, till at last it wholly disaf^ar- 

There are reasons, however, which demonstrate 
that a body removed to the distance of the moon 
will still have some weight, though 3600 limes leas 
than it had on tho earth. Let us conceive sach a 
body to weigh 3000 pomids on Ihe earth, no one, 
sorely, is capable of supporting it here; but convey 
it to the distance of the moon, and 1 shall engage to 

Vol. I.— Q 
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aupport it witb one of my fineen, for then it will 
weigh only one ponnd ; Bno if firther kidotm) 
it would wBig^ alul less. We are certain, there- 
fore, that gravity is a power which forces all bodies 
towards the centre of the earth, that this power acts 
with the greal«Bt force at the surface of^the earth, 
and is diminiahed in proportion as it removes from 
thence, whether by penett^tinK towards the centra 
or rising above the snrbce of the globe.* I hvm 
still much to say on this subject. 
30th Augutl, ITBO. 



Oraeibf of the Mob*. 

I SAVK said that a terrestrial body placed at the 
distance of the moon would be redti^ed to the SQOOOi 
part ofitsweiglit, or, in other words, would be forced 
towards the centre of the eaxth witii a power 3600 
times less than it has at the surface of Uie globe. 
This power, however, would be sufficient to make it 
descend to the earth, if it were no lonjrer supported. 
It is true w% are incapable- of proving this by anyez- 
perimeni, as no means exist of raising ourselves to 
such a height. There is, however, a. body at that 
height — the moon : she most therefore be subject 
to this effect ofgravity, and yet we see she does not 
fall to the earth. 

To this 1 answer, that if the moon were at rest, 
she would certainly fall ; but the rapnd motion which 
carries her along prevents her from falling. Then 
are experiments which prove the solidity of this an- 
swer. A stone dropped from the hand, without hav- 
ing any motion impressed upon it, falls immediately 
in the direction of a straight vertical line ; but if yon 
throw this stone, impressing on it a motion which 
foices it out of that direction, it does not fall inma- 
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dUtel7 downward, but moves ia a curve line before 
it reaches ttw earth i and this will appear more 
seosibly in proportion to the velocity impressed 
upon it. 

A camton-ball discharged in a horizontal direction 
does not come to the earth till it has cot to a con- 
siderable distance ; aod were it lired Irom the top 
of a high mountain, it might perhaps fly several 
miles before it reached the ground. If the direction 
of the cannon is farther elevated, and the quantitv 
and strength of the powder increased, the ball wiU 
be carried much farther. This might be carried so 
for UiBt the ball should not light till it had reached 
the antipodes : nay, farther still, till it should not 
fall at Ul, but return to the place where it was shot 
off; and thus perform a new tour round the globe. 
It would thus be a little moon, making its revolu- 
tions round the earth, like the real moon. 

You will now please 10 reflect on the height of 
the moon, and the prodigious velocttj with which 
she moves, and you will no longer be surprised that 
she should not fall to the earth, though forced by 
gravity towards its centre. There is another re- 
Beclion which will place this in a clearer light. We 
have only to consider the path described by a stone 
thrown, or a cannon-ball shot off, in an oblique di-' 
rectiou. It is always a curve, such aa represented 
in the annexed figure. 

Fig. 3a. 
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Let A be the enmmit of a mountBin IVom whhA 
the cannon-ball is fii«d off, which, after having moved 
in the direction A E F B, falls to the ground at B ; 
and the path which it describee is a curve line. I 
Temarfc, flien, that if the ball were not heavy, that 
is, if it were not forced towards the earth 07 the 
power of gravity, it would not fall, though left to 
itself, as gravity is the only cause of its descent ; 
mnch less, being fired off at A, as represented in the 
f>gut«, would it ever fall to the ntnind. Hence we 
jee it is gravity that brings it down to the gronnd, 
«fter having described the cnrre A E F B ; gravity, 
tberefbre, tSrects its path in the curve A E P B ; and 
if h were destitute of gravity, the ball would not 
describe a cnrve, bat proceed forward in the dirac- 
tion of the atralgbt line A C, the direction in which 
it wu Sred off. 

This being laid down, let as attend to the moon, 
which assuredly does not move in n straight line ; 
ber path must of necessity be a carve, as she always 
preserves nearly the some distance from as, and thai 
curve almost a circle, such as you would describe 
round the earth, with a radius equal Co the moon's 
distance. 

It is very reasonable to demand, why the moon 
does not move in a straight line. But the answer 
is obvions ; for as gravity occasiona the curved direc- 
tion of the path pnrsued by a atone thrown, or a 
cannon-ball tired off, there is good ground for naain- 
taining, that gravity acts Lkewise upon the moon, 
forcing her towards the earth ; and that this gravity 
occasions also the curved direction of her oibit. 
The moon, then, has a certain weight — she is, of 
consequence, forced towards the earth; but this 
weight is 3600 timea less than it would be at the 
Airface of the earth. This is not merely a probate 
conjecture, but a truth demonstrated. For this 
gravity being supposed, we are enabled to determine, 
ou the most estaUished mathematical principles, the 
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path which the moon miut pnteue ; and this is Eound 
petfecUy to agree with that in which she actually 
does more ; and this is a complete demonstration of 
the truth of the assertion. 
Ill Septemher, 1760. 



DiKveeri of Utmenal CframUUicn by Ntuton. 

Gbatitt. then, or weight, is a property of all ter- 
netrial bodies, and it extends likewise to Uie moon. 
It is in virtue of gravity that the moon presses to- 
wards the earth; and gravity regulates her motion 
Juet as it directs that of a stone thrown, or of a can- 
aon-ball fired off. 

To Naeimwe are indebted for this important dis- 
covery. This ^at English philosopher and geome- 
trician happening one day to be lying ui^er an 
apple-tree, an apple fell upon his head, and suggested 
to him a multitude of reflections. He readuy con- 
ceived that gravity was the cause of the apple's 
falling, by ovcrcomiog the force which attached it 
to the branch. Any person whatever might have 
made the same reflection ; but Che EngUsh philoso- 
pher pursued it much further. Would this force 
have always acted upon the apple, had the tree been a 
great deal higher 1 He could entertain no doiAt of it. 

But had the height been equal to that of the 
moon ! Here he found himself at a loss to deter- 
mine whether the apple would fall or not. Id case it 
should fall, which appeared to him, however, highly 
probable, since ii is imposaible to conceive a bound 
to the height of the tree at which it would cease to 
fall, it must still have a certain degree of gravity 
forcing It towards the earth ; therefore, if the moon 
were at the same place, she must be pressed towards 
the «arth t>y a power similar to that which would 
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act upon the niple. Nereitheleso, aa the moon did 
not fall on his nead, he conjectured that motion mi^l 
be the cause of thie, juat as a bomb IrequenUy fliee 
orer us without falling TerticBU;f. 
. This comparison of the motion of the moon to 
that of a bomb, detennined him attentively to ex- 
amine this question ; and, aided bj the most sublime 
geometry, he .discovered that the moon in her mo- 
tion was subject to the siune laws which reflate 
that of a bomb, and that if it were posaiUe to hurl 
a bomb to the height of the moon, and with the same 
velocity, the bomb would have the same motion aa 
the moon, with this difference only, that the gravity 
of the bomb at each a distance Irinn the' earth would 
be much less than at its surface. 

You wilt see, from this detail, that the first reason- 
ings of the philosopher on this subject were very 
simple, and scarcely differed from those of the clown ; 
but he soon pushed them far beyond the level of the 
ekiwn. It is, then, a very remarkable property of 
the earth, that not only all bodies near it. but those 
also which are remote, even as far as to the distance 
of the moon, have a tendency towuda the centre of 
the earth, in virtue of a power which is called grav- 
ity, and which diminishes in proportion as bodies 
remove fcom the earth. 

The En^sh philosopher did not stop here. Aa 
he knew that the other planets are perfectly similar 
to the earth, he concluded, that bodies adjacent to 
each planet possess gravity, and that the direction 
of this gravity is towards die centre of the planet 
This gravity uisht be greater or less there thu on 
the earth ; m other words, that a body of a certain 
weight with us, transported to the snr&co of any 
planet, mjg^it there weii;h more or less. 

Finally, tills power of gravity of each planet ei- 
tends likewise to great distances wound them ; and 
Bs we see that Jupiter has four satellites, and Sstura 
fire, which move round them just as the moon dow 
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round the earth, it could not be doubted that the 
motion of the satellites of Jupiter was regulated by 
their ^Titf towards the centre of that planet, and 
that of the satellitea of Saturn bv their gravitation 
towards the centre of Saturn. Thus, in the garae 
manner as the moon moves round the earth, and 
their respective satellites move round Jupiter and 
Saturn, all the planets themselves move round the 
sun. Hence Nevjlon drew this illustrious and im- 
portant conclusion : That the sun is endowed with a 
similar property of attracting alt bodies towards its 



around him, and far beyODd oil the planets : for it 
is this power which modiSos all their motions. The 
same great philosopher discovered the means of de- 
terniiaing the motion of bodies from tho knowledge 
of the power by which they are attracted to a cen- 
tre ; and a» he had discovered the powers which act 
upon the planets, he was enabled to give an accurate 
description of their motion. In truth, before he 
arose the world was in a state of profound ignorance 
respecting the motion of the heavenly bocues ; and 
to him alone we are indebted for all the light which 
we now enjoy in the science of astronomy. 

It is astonishing to think how much of tiRir pro- 
gress all the sciences owe to an original idea so very 
simple. Had not Ntwton accidentaUy been lying in 
an orchard, and had not that apple by chance fsUen 
on his head, we might perhaps still have been in th« 
same state of ignorance respecting the raotiMts of 
the heavenly boaies, and a multitude of other [die- 
nomeoa depending upon them. This anbject on- 
doubtedly is altogether worthy of your attentton, 
And shall therefore be resumed in a future Letter.* 

&d Stplanber, 1760. 
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LETTER UII. 



aeetdy Bodiet. 

Tat Newtonian System, you will easily belieTe, 
made at firat a great noise, tuul with good rttason, as 
no one had hitherto hit upon a discovery so vety 
fortunate, and which difiiisM at once such clear li^t 
over erery branch of science. It hai been ex- 
pressed b)r several nnmes, of which it ia proper yoa 
should be informed, because it is freqnenUy the sub- 
ject of conversation. 

It has been Oenominated the system of universe 
(n-avitation ; for Nmton maintained, that not only 
the earth, but all the heavenly bodies io g^eial, are 
endowed with this property — of attracting those 
which surround them with a power similar to that 
of wei^t or (gravity; hence is derived the term 
graeitatUm. This power is, however, totally in- 
visible ; for we see nothing acting upon bodies, and 
pressing them towards the earth, and still less to- 
wafds the heavenly bodies. 

The loadstone, oy which iron and steel are at- 
tracted without otir bein^ able to discern the cause, 
presents a phenomenon somewhat similar. Though 
It be now certain that this is produced by a substance 
extremely subtile, which penetrates through the 
pores of the loadstone and of the iron, it may, how- 
ever, be affirmed, that the loadstone attracts iron, 
tcoA that iron ia attracted by it, provided this manner 
of speaking does not exclude the true cause. It 
may likewise be affirmed, then, that the earth at- 
tracts all bodies that are near it ; nay, those which 
are at very great distances : and we may consider 
Qw weigfit or gnvity of bodies as the effect of tha 




OF m Buvnav bodub. lfS9 

atbraction of the earth, which acts even upon the 
moon. 

Again, the bud and all the fdaoeta are endowed 
with a siinilai power of atftactuHi, which extends to 
aB bodies. In confonnitjr to this manner of speak- 
ing, we axy Uiat the eon attracts the jdanets, and 
that Jupiter and SatUm attract their respective sstet' 
titee ; hence Nevton't system has likewise been d»- 
._..i_ __._, — _, .. .-^^ Astheiecan 
r the moon must 
likewise bepresaed to it by apower umilai to grav- 
ity, it may likewise be affirmed, that the moon too 
attracts adjoining bodies. 

It was nstunil to suppose, that this attraction of 
the moon should extend aa fer as the earth, thongli 
it moat be undoubtedly very feeble, as we have seen 
that of the earth upon the moon to^Tw ; now the 
same [diilosopher has placed this also beymid th* 
reach of donht, by demoostntting, that the flax and 
FBflnx of the waters of the sea, of which I shall 
take occasion to speak afterward, are cansed by the 
attraction of the moon. It can no longer be doubted, 
therefore, tbat Jupiter and Saturn are reciprocally 
attracted by their respective satelUtes; and that 
the sun itself is subject to the attraction of the 
planets, though this attractive power be exceedingly 

This is the origin of the system of universal at- 
traction, in which it is maintained, and with good 
reason, that not only does the sun attract the planets, 
but is reciprocally attracted by each of them ; nay, 
that all the planets exert their attractive power upon 
each other. The earth, then, is attracted, not onlr 
W the snn, but also by all the other planets, thougn 
their power be almost imperceptible compared to 
that of the sun. 

You will easily comprehend, that the motion of a 
planet, which is attracted, not only by the sun, but 
py the other planets, in however small a degree. 
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mnat be somewhat different ttom what it would haie 
been were it attracted by the sun only; uut tbst 
consequently the sttractions of the other planets 
most cause some small deraitKeinent of that motion. 
Now these derangeroenta are likewise conflnued bjr 
experience ; and this has camMl the srstem of nm- 
versal attraction to the highest possiole degree of 
certainty, so that no one now presumes to dispute 
its truth. 

1 most likewise remark, that comets too are sub- 
ject to this law ; that they are principalty attracted 
by the sun, whose action regulates their motion ; but 
that they likewise feel the attractive power of all 
the planets, especially when they am not TCry dis- 
tant from them. It is a general rule, as weahaDsee 
afterward, that the attraction of all the hesTenljr 
bodies dimimUiea in proportion to the diatance, 
and increases in proportion to the nearness. Now 
oofnets likewise are endowed with a power by which 
other bodies are attracted towatda tbem, and ao 
much the more sensibly aa they approach nearer. 
When, therefore, a comet passes somewhat more 
closely to a planet, it may derange the motion of 
that fHanet by its attractire power ; and its own will 
likewise be lUatnrbed by that of the planet. These 
consequences are verified by real observation. 

Examples might be adduced to prove that the 
motion of a comet has been deranged by the attrac- 
tion of the planets near which it h^ipened to pass ; 
and that the motion of the earth, and of the other 
planets, has already mideigone some derangement 
horn Uie attraction of comets. 

Ilie fixed stara, being bodies similar to the sim, 
are likewise endowed, no doubt, with an attrsctive 

Kwer; but their enormous distance preventa our 
iling any sensible effect from it 
... .=, ■ -, 17M, 
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LETTER LIV. 



It is establiihed, tiien, by reasons which cbbooI 
be controverted, that a nniTereal gravitation per- 
vades all the heavenly bodies, by which they are 
attracted towards each other ; and that this power is 
greater in proportion to their proximity. 

This fact is incontestable ; but it has been made a 
question, whether we ought to give it the name of 
impuUion or aiimction. The name undoubtedly is a 
matter of indifference, as the efiect is th» same. 
The astronomer, accordinglj^, attennrt only to the 
elfect of this power, gives himself Uttle trouble to 
determine whether the heaverdy bodies are impelled 
towards each other, or whether they mutually at- 
tract oae another; and the person who examines 
the phenomena only ii unconcerned whether the 
earth attracts bodies, or whether they are impelled 
towards it by some invisible cause. 

But in attempting to dive into the mysteries of 
nature, it is of importance to know If the heavenly 
bodies act upon each other by impulsion, or tnr 
attraction; if a certain subtile invisible matteriropefs 
them towards each other; or if they are endowed 
with a secret or occult quality, bj^ which they are 
mutually attracted. On this question philosophers 
are divided. Some are of opinion, that Ibis phe- 
nomenon is analogous to an impulsion ; others main- 
tain, with Neaton, and the Bngtish in general, that 
it consists in attraction. 

It must be observed, that the terms atirocl and 
drtae are not perfectly synonymous; that accord- 
ingly it is not to be aappfMed there is an intermedi- 
ate body between the sun and the earth. 



The EngliBta, and those who have adopted the sane 
opinioD, explain it in this manner : Tney maintain, 
that the aualitj of mutual attraction ia proper to all 
bodies ; uiat it is as natural to them as magnitude i 
and that it is a satisfying solution of the queatiotL 
that the Creator willed tliia mutusU atbvctioo of 
bodies. Had there been but two bodies in the uni- 
verse, however remote from each other, they would 
have had from the first a tendency towards each 
other, by means of which tbey would have in time ' 
^jproacned and united. Hence it follows, that the 
greater a body is, the more considerable is the at- 
traction which it eserta upon others; for as Ihis 
quality is essential to roattar, the luore of it any 
body oontaina, the greater is its attractive force. 

As the sun, therefore, considerably surpaaaee all 
the planets. U magnitude, its attrncUve force moat 
be much greater thui theira. They likewise remarit, 
that the mass of Jupiter being much Kreater than 
that of the earth, the attractive force which he ex- 
ercises over his satellites is much more powerfui 
than that with which the earth acts upon the moon. 

According to this system, the gravity of bodies on 
the earth is the result of all the attractions exercised 
upon them by the particles of our globe ; and if it 
contained more n),atter than it actually does, its 
attraction would become more powerful, and the 
gravityof bodies would be mcreased. But if, on the 
contrary, the mass of the earth should happen bj 
aome accident to be diminiahed, its attraiHive fofce 
too would be diminished, as well as the gravity of 
bodies at its eurface. 

It has been objected to these philosophen, Ui>^ 
on their hypothesis, any two bodies whatever at test, 
for instance, on a table, must attract each other, and 
consequently approach. They admit the con»e- 
(fuence ; but they insist, that in this case the attrac- 
tion would be too small to produce auy aeiuitde 
effect ; for if the whole mass of the earth, by it» 
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attractiTe force, producea in every body only that 
effect which we perceive in the weight of a body, a 
mass many milliouB of times smaller than the earth 
will produce ao effect as many times smaller. 

It must readily be admitted, that if the weight of a 
body became many millioDs of times less, Uie effect 
of grmity upon it must be reduced to almost nothing : 
atlTax:tion, therefore, cannot be perceptible, except 
in bodies of tctt great magnitude. The partisans 
of the system oi gravitation, therefore, are not vul- 
nerable on this side ; and they produce in support of 
their opinion an experiment made in Peru by the 
French academicians,* in which they perceived the 
effect of a slight attraction of a prodigious mountain 
on adjacent twdies. In adopting, therefore, the sys- 
tem of attraction, we need be under no apprehension 
of its leading us to false consequences ; and it has 
hitherto been always confirmed by the new facts 
which have been discovered. 

7lA Stptember, 1760. 



LETTER LV. 
Power bf tcJUcA the Httnetdy Sodiet are imUually 



Yon are well acquainted with the property of the 
loadstone, that of attracting iron. You have seen 
small bits of iron and steel, snch as needles, when 
plsced near the loadstone, move to it with a force 
proportioned to tbeir proximitv. As you see no> 
thing that impels them towanis the loadstone, we 
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say that the loadstone attracts them, and thla phe- 
nomenon we call attraction. It cannot be doubted, 
however, that there is a vety enbtite, though inviei- 
ble matter, which produces thii effect by actually 
impelling the iron towards the loadstone ; but as 
modes of expression are regulated by appearances, 
it has become customary to say that the loadstone 

Thou^ this pheaoraenon be peculiar to the load- 
stone and iron, it is perfectly adapted to convev an 
idea of the signification of the word attraction, which 
philoaophera so frequently employ. They allege, 
then, that all bodies, in general, are endowed with a 
property similar to that of the loadstone, and that 
they all mutually attract ; but that this efl'ect does 
not become perceptible unless they are rery great, 
and cannot be perceived when they aro small. 

However great, for example, a stone may be, it 
exercises no sensible attraction on other bodies ad* 
jacent to it, because its power is loo smalL But if 
its mass were to increase, and to become many 
thousands of times greater, its eRect would at length 
become perceptible. It has already been remarked, 
thai, from actual observation, it was found that a 
lofty mountain in Peru had produced attraction, 
though indeed in a v*y small degree. A mountain 
Btill greater would produce, therefore, a more sensi- 
ble attraction ; and a body much greater, such as the 
whole globe, would attract others with a force pro- 
portionably greater ; and this force would be pre- 
cisely the gravity with which we see that they are 
actually impelled towards the earth. 

According to this system, tfien, the gravity which 
obliges all bodies to descend is nothing else but the 
result of the attraction of the whole mass of the 
earth. If this mass were greater or less, the gravity 
or weight of bodies would be proportionably greater 
or less. Hence it ibllows, that all the ollter great 
bodies in the universe, as the sun.'^he planets, and 
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the moon, are endowed with a. similar attractive 
power; but greater or less in proportion as thoy 
themselves are so. 

As the Sim is many thousands of times ^ater than 
the earth, his attractive power exceeds that of the 
earth so many thousand times. The mass of the 
moon is calculated to be forty times less than that 
of the earth ; it will follow, that her attractive force 
is so many times less : and the same rule apphea to 
all the heavenly bodies. 

ath September, 1700. 
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rone Subject continued. 



In virtue of the system of attraction, or universal 

Kvitation, each of the heavenly bodies attracts all 
rest, and is reciprocally attracted by them. 
In order to form a judgment of the force with 
which these bodies attract the others, we have only 
to consider two bodies whose attraction is motu^ 
And here we must attend to three thinge; first, to 
the body attracting ; secondly, to the body attracted ; 
and, finally, to their distance: for on these three 
circumstances the attractive power depends. 



e 
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Let A, F^. 33, be the attracting body, and B the 
body attracted ; both of them spherical, the heaven^ 
bodies being nearly of this figure. Take for their dis- 
lance that of their centres Aand B, that is, the atraicht 
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line A B. Now, with raqwct to the mass of the 
atlractiD^ body A, it most be remarked, that the 
greater it is, tne greater also will be its power to 
attract the bodv B. Conaequently, if A were twice 
as great as B, this last would feel an attractioa twice 
as powerful exercised over it by the other; if it 
were three times as great the effect would be triide, 
iind 80 on — always supposing the distance of their 
centres to be the same. 

If, theo, the earth contained more or lets mattw 
than it actually does, it would attract all adjacent 
bodies with greater or less force, or their weight 
would be increased or diminished. And as the earth 
itself is attracted by the son, the same thing mi^t 
be aArmed as to it, should the mass of that Inmi' 
nary h^)pen to change. Aa to the attracted body 
B, supposing the attracting body A and the dis- 
tance A B to continue the same, it is to be re- 
marited, that the greater or unaller its mass is, the 
greater or less, also, is the power with which it is 
attracted towards A. Thus, if the body B were twice 
as great, it would be attracted towards A with donbto 
the tbrce ; if three times greater, with triple the 
force, and so cm. 

In order more clearly to elucidate this remark, we 
faave only to substitute the earth in the place of the 
attracting body A ; then the force with which the 
body B is attracted is nothing else but the weight 
of tiiat body. Now, it is demonstrated that the 
greater or smaller the bod^ A is, the greater or less 
also is its ffravity; hence it follows, that while the 
attraetiog body A and the distance A B continue 
the same, the attraction which B feels precisely fol- 
lows the magnitude of that body. To express this 
circumstance, mathematicians employ the term nro' 
foitional ; thus, they say the body B is attracted by 
the body A with a force proportional to its mass ; 
the jneoning of which is, that if the mass of body B 
wore twice, thrice, or four times greater, the attnct- 
ive power would be precisely so many times ia- 
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creued. Thus, -with respect to the attractinir bod^ 
A, they say, that the power which it exercises over 
the body B is proportiODal to its mass, so long as 
that of B and the oistance A B continue the same. 

I must further observe, that when we speak of the 
quantity of the attracting body A, or of the attracted 
body B, we mean the quantity of matter which each 
contains, and not their magnitnde merely. YonwiU 
recollect, that bodies differ crasiderabiy in this re- 
spect, and that there are some, which, in a very smfjl 
compass, contain a great deal of matter, gold, for ex- 
ample, while others, such as air, contain very little 
in a great space. When, therefore, we here speak 
of bi^ies, we are alwaj^s to be understood as refer- 
ring to the quantity of^ matter which they contain: 
fliis is what we mean by their mass. 

All that now remains is to examine the third cir- 
cnmslance, namely, the distance A B of the two 
bodies, supposing them to continue always the same. 
It most be observed, that as the distance A B in- 
creases, the attractioo diminishes ; and that as they 
approach nenrer, it increases : but in conformity to 
a law which it is not so easy to express. When the 
distance becomes twice as great, the force with which 
the body B is attracted towards the body A will be 
twice two, or four times less ; and for tnple the dis- 
tance, the attraction becomes three times three, that 
is nine times less. If the distance becomes four 
times greater, the power of attraction becomes four 
times four, that is sixteen times less, and so on. 
Finally, for a distance a hundred times ^eater, the 
power of attraction will be a hundred times a hun- 
dred, or ten thousand times less. From this It fol- 
lows, that at very great distances it must become 
altogether imperceptible. And, reciprocally, when 
the distance A B is very small, the attraction may 
be very considerable, though the bodies may tie of 
no great magnitude. 

IIU Sepiember, ITOO. 
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1 EI.TI now demonstrated th&t when a bod^ B is 
altracted by a body A, the power of attraction is 
proportional to the mass of the attracting body A, 
and to that of the attracted body B ; but it depends 
to such a degree on the diatance of these bodies, 
that if it should become twice, thiice, four, or five 
times greater, the power of attraction would become 
four, nme, Bixteen, or twenty-five times less. 

In Older to ascertain the mle of these quantities, 
we must multifdy into itself the number which 
marks how many times the distance is increased, 
and the product will show how Diany times less tha 
power of attraction has become. To put this rule 
m its clearest light, it must be observed, that when 
we multiply a number into itself, the product result- 
ing from it is called its ignore. Thus, to find these 
squares, we must multiply the numbers by lltem- 
Wlves, as below. 



MnlUiiMbr ll « »| 4 S « T 8 9 


ai|ii» i| 4 b'u U 3<i|4» M 81 

HoklflMbr 11 MoMplMbr 11 
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It is clear, from this last ezam[de,that the flqoare 
of number 19 is 144 ; and if you wish to know the 
•qnare of any nmnber whatever, say 358, yon moM 
multiply that nnmber by itself, as m the following 
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66504 



From which we see, tKat the square of 258 is Q6,664 ; 
and the squares of all oumbers whatever may be oal* 
culated in like mamier. 

As the distance of bodies, then, must be multiplied 
by itself, it is evident that the power of attraction 
4mtini8hes as much as the square of the distance 
increases ; or, that the square of the distance be- 
comes as many times greatei as the power of attrac- 
tion is dimimshed. 

In treating subjects of this nature, mathematicians 



le of conveiaation. If the attractive power 
increased in proportion to the square of the distance, 
■we would call it BroporlionaUy to the square of the 
distance ; but as the direct contrary takes place, and 
as the attractive power diminishes as the stjuare of 
the distance increases, we employ the term recipro- 
taily to express this contrariety, saying, that the 
power is reciprocally proportioiuJ to the square of 
the distance. It is a geometrical mode of expres- 
sion, the meaning of which you perfectly compre- 
hend ; and it refers to what I have just been attempt- 
ing to explain. 

In order to judge aright of the power which one 
body exercises over another, you have only to re- 
mark, that this power is, first of all, proportional 
to the mass of the attracting body : then to that of 
the body attracted ; and fin^y, reciprocally to the 
•qnufl of tlieir distance. Hence it u evident, that 
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thou^ the earth, and the other planets are likewise 
attracted towards the fixed stars, the power must 
be imperceptible, on nccount of their prodigioos dis- 

Suppoaing, therefore, the mass of a fixed star to 
be equal to that of the sun, at equal distances, the 
earth would be attracted towards it with a force as 
great as towards the sun ; but as the distance of the 
Axed star is 400,000 times greater than that of the 
sun, the smare of this number lleing 160,000/HW,000, 
that is. a nnndred and sixty thousand miUiona, the 
power with which it acts upon our globe is a hun- 
dred and sixty thousand millions of times less than 
that of the sun; and, conseqoentlr, too feeble to 
produce any perceptible effect. For this reason, the 
attractive power of the fixed stars does not at all 
titfoct the ^rth's motion, nor that of the jdaneta and 
the moon : but it ia that of the sun which chieAy 
regulates tbeir motions, because his mass exceeds 
many thousands of times the mass of each planet. 

Wien, howerer, two planets approach, so ttiat 
their distance becomes less than that of the son, 
their attractive power increases, and may become 
sufficiently perceptible to derange their motion. 
Such derangement has, in fact, been obeerved; and 
constitutes an irresistible proof of the system of 
universal gravitation. Acconlingly, whea a comet 
approachea very near to a planet, the motion of tUs 
last may be considerably affected by It. 

ISth Stplemier, 1760. 



LETTER LVUI. 

Motim of the Seaeenl^ Bodiet. Metlu>d of detemimttg 
ti bf tht Laat ofvmoertid Oraeitation. 

Fbok what has been aaid respecting the power by 
wUob all the heavenly bodies mutaafly attract oa^ 




KBATZMLT BOOm. SOI 

other, proportionally to their maes and distanc*, 
yoa are en^ed to comprehend how their motions 
may be determined, and the real place of each body, 
at any ^ven time, accurately asit^ed. 

In thia astronomy conaiHta ; the object of which la 
an exact knowledge of the motiona of the heavenly 
bodies, in order to be able to determine, for every 
instant of time, whether past or to come, the {dac« 
in whkh each of them must be, and in what place of 
theheavensit muai ap^ar, whether viewed from the 
earth, or any other noint what«ver of the nniverae. 

The science whicn treats of motion in genra^ is 
named meehama, or JyMnuc*. Its ot;)ect iB to 
detrnmine the motion of all bodies whatever, am- 
niated by whatever power. Thia science constitutes 
one of fhe principu Iwanches of mathematics ; and 
those who apjdy to it exert all their eflbrts to carry 
mechanica to the tu^est poesiUe dsffree of perfec- 
tion, ne sotqects about which this sclmce is 
conversant are, however, so intricate, thai there ia 
hitherto no great gronnd of boMting of onr progress 
in the investigatiao of them ; and we miwt rest sat- 
isied with a^ancingstep t^ step. Not many years 
are etuised since we began to make any pro^«ss at 
all in this career; and what has been done is chiefly 
to be ascribed to the Academy of Sciences at Paris, 
which proppses annnal prises to the best proficients 
in the prosecution of tlus science. 

The greatest difficulty srises Aom the number of 
powers which actupon the heavenly bodiea. If each 
of these were attracted towards onlyone single point, 
there wonld be very little difficulty in the way; and 
the great Newton, who died in 1738, was the first 
who gave a compdele demonstration of the motion 
vt two bodies which have a mutual attraction, in 
cmftonnity to the law which 1 have laid down. In 
virtue of this law, were the eartii attracted towards 
ths son only, we should be able perfectly, without 
ressarcta, to determine its motion. The same thing 
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wonld apply to the other planets, Satnm, Jnpitei, 
Mara, Venus, and Mercury, if they were attracted 
only by the son. But the earth being attracted, not 
only by him, but by aU the other heavenly bodies, 
the question txicomes inflnitely more complex and 
diAlcnlt, rrom the great diveisity of powers to which 
we must pay attention. You may neglect, how- 
srer, the powers with which it is attracted towards 
the fixed stars; because, however enormous their 
masses may be, they are A prodigiously distant, 
that the power which they exercise upon the earth 
may he considered as Just nothing. 

The motion of the earth, therefore, and of the 
other planets, will always be as perfectly the same 
as if the fixed stars did not exist. Excepting, then, 
the power of the sun, we have only to consider Ute 
power with which the planets mutually attract «a<^ 
other. Now, these powers are extremely small, 
compared to those by which each planet is attracted 
towards the son, because the mass of the son u 
much greater than that of each planet. 

As, however, these powers increase according m 
the distances diminish, so that a power four times 
greater corresponds to a distance twice leas ; and a 
power nine times less conresponds to a diataitce 
three times greater, and so on, according to the 
squares of the numbers, as I explained ^he safaject 
in the preceding Letter, it might be possible for two 
jdanets to approach so near that their attrsctire 
power should become equal to that of the son, nay, 
greatly exceed it. 

Fortunstely, this never takes place in our BysteH, 
and the rianets always remain at such a distai^e 
from each other, that their attractive power is evw 
incomparably smaller than that of the sun. For 
this reason, without extending oar views beyond 
what is thus certainly known, we may conaidar 
every [danet as attracted only by the power of ths 
Mm, and by that it is easy to detamiiiie its motioii. 
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This, howerer, can take place only when we an 
disposed U> rest satisfied with a result near the trutb ; 
for. if we wish to have more exact information, we 
must attend to those feebler powers with which the 
planets act upon each other — powers which really 
produce the little irroKularities clearly observed t^ 
aalronomers ; and to the attainment of the perfect 
knowledge of these is directed all the sagacity of 
both astrooomers and geometricians. 
lathStpUntier, 1160. 



LETTER UX. 
Sytlem of the Unintrte. 

In order the more clearly to elucidate what I have 
been advancing respecting the raotion of the hea- 
venly boniies, and the powers which produce it, per- 
mit me to present to you (see Fig. 37, Fronlitpi«e) 
the system of the universe, or a deacription of ttm 
heavenly bodies which compose it. 

We must, first of all, observe, that the fixed stats 
are bodies entirely similar to the sun, and luminooB 
of themselves ; that thev are at a very great distance 
from that luminary, nna also veiy distant from each 
other; and that every one of them is, perhws, of 
equal magnitude with the snn. You are already in- 
formed, that the fixed star nearest to us is at least 
400,000 times more distant than the sun. Each of 
the fixed stars seems designed to communicate hght 
and heat to a certain numoer of opaque bodiea, simi' 
lar to our earth, and, tmdoubteoly, inhabited like- 
wise, placed near them, but which we cannot see, 
on account of their prodigious distance. 

Though it is impossible to ascertain this by actual 
observations, we must conclude it, from their anal- 
ogy to the sun, who serves to warm and to illumi- 
nate the earth and the other planets. We know, 
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paiticnlarty six of these bodies ; they are n6t in a 
state of rest, but each of ihem mores round the ran, 
in the direction of a cnire line, somewhat different 



as all the fixed stars ; the motion which they appear 
to have being entirely owing to that of the earth. 

I have accordingly represented, on the annexed 
sheet {Fig. 37, Frcntupiece), what is called the Solir 
System, which contains all the opaque bodies that 
move round the sun, and derive from him all the 
beneflta which he imparts to us. Tliis sign O repre- 
sents the Sun at rest. You see, besides, the eUoen 
circles, representing the orbits described by the plan- 
eta in their motion round him. 

That nearest to the sun is Mercury, marked by 
the sign 9 , and the little circle you see in the oibit 
represents the body of Mercury, who perfonns his 
revolution round the sun in about 88 days. 

Next comes Vetua, marked by 8, who oom[rietes 
a revolution round the sun in seven months n^uiy. 
The third circle is the orbit of the Earth, nutrked 
by the sign S, and which completes a revolution 
round the sun in a year. We have no other mean- 
ing, in truth, to the word year, but the time employed 
by the earth in performing a revolntion rotuid the 
sun ; and the duration of the common year neariy 
approaches to this solar year. 

But while the earth is moving round the bdo, 
there is another body moving round the earth, and 
keeping the direction of its orbit ; this is the JVom, 
whose own circle, or orbit, is maiited by J. 

The two first planets, Mercury and Vema, have 
no visible bodies which attend them ; neither has 
Man g , which is the fourth, and performs hia t«T0- 
hition in about two years. 

The next circle is the orbit of Jupiter, ronrkod by 
U, who perfonns his revolution m twelve yean 
nearly. Round him move four aateUiteB,refireaented 
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in the Plate, with their orbits, and marked by the 
fignres 1, 3, 3, 4. 

The next circle is the orbit of Saturn, marked 
thus, ^, who employs almost thirty years in per- 
fomiing one revolution round the sun. This planet 
ia attoiuled in his course by seven satellites, marked 
by the fignres 1, S, S, 4, fi, 6, 7. Thus, then, the 
■olar system consists or six (now eleven) prtmanr 

Jlanets, Mercury S , Venus 2 , the Earth 5 , Mars J, 
upiter U, Saturn *?, and eighteen secondary plan- 
ets or satellites, namely, the Moon, the four attend' 
ants of Jupiter, the seven of Saturn,* and Uie six of 
the Georgium Sidus. 

This system contains, besides, several comets, the 
number of which is unknown. The ligure on the 
Plate represents one of them, whose orbit differs 
from that of the planets, because it is drawn out 
into extreme length, ao that a comet sometimes 
^proaches very near to the sun, and sometimes 
removes to such an immense distance as entirely to 
disappear. Of comets it has been remarked, that 
one finishes his revolutions in bis orbit ia about 
sixty years ; this is the one that was visible last 
year.t As to the other comets, it is certain that 
they employ several ceDtnries in performing one 
Nvohition in their orbits ; and as, in past ages, no 
exact observations were made of them, we are totally 
in the dark with respect to their return. Of these, 
then, consists Uie solar system ; and, qugt probably, 
erery fixed star has one similar to it. ~* 
Vth Stptember, 1760. 

*W<li«n*MMlii iln flfim iba nblB efUHMWBlaMM,dMa>ta«4 
riK* tbfl Oat oT RdLot, tIl Cwra, PaUatt JvWj wia Fwto, wboae or- 
' tt Muv ■« JnpUar; iDd tM Otorfivm 
(■ttoTSnon. TteUHgfibgat 
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LETTER LX. 
The tame Sutjecl contimted. 

In addition to what I have said respectiiig the 
solar Bystem, I muat communicate aome obMm- 
tioDB for the explanation of the ttf^iree. And, fint, 
it muet be remarked, that the lines which marii the 
paths in which the planets move have no real exist- 
ence in the heavens, as the whole immensity^ of apae* 
in which they move ia a vacuum, or rather nlled 
with that subtile matter which we call the tther, 
and which I have already no often mentioned. 

Again, the orbits of the planets are not all in the 
same plane, as the Unire presenta them : but if the 
ori)it which the earth describes round the sua is 
properly represented on the paper, we most imagine 
the orbits of the five other planeta to be partly ele- 
vated, and partly depressed, with reference to it: 
or that the orbit of each planet bean upon it an 
oblique direction, making an interaeclion with tlie 

Saper, under a certain an^le, which it is impossible 
> represent in a fie;ure drawn upon a plane. 

FNirther, the orbits of the planeta are not circles, 
B8 the figure appears to indicate, but rather some- 
what oval, one more, unother less so ; no one, how- 
ever, tccq^ very considerably from the circular 
form. The orbit of Venus is almost a perfect circle; 
but those of the other planets arc more or less ex- 
tended lengthwise, so that these planets are »om9- 
times nearer to the sun, aometimes farther off. 

The orbits of comeu are particularly distinguish- 
able, being greatly extended in length, as represented 
in the figure. As to the moon, and the satellites 
of Jupiter and Saturn, their orbits, too, are nearly 
circular. 

Neither must we conceive them as moviitg in one 
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«nd the same direction, as they appear on the plami 
of the paper ; for they do not remain in the same 
place, but are themselvea canled round the biid 
along with the primary planet to wtiich they belong. 
It is thuB we must understand the lines represented 
in the figure. Imagination must supply what it is 
impossible, on a plane surface, accurately tu exhibit. 

You are now enabled to comprehend with ease 
what the late Mr. de FonteneUe meant to display, in 
his book on the pluraliby of worlds. The earth, 
with its inhabitants, is sometimes denoninatod a 
world ; and every planet, nay. every one, of the sat- 
eUilea, has an equal ri^t to thje same appellation — it 
being highly probable that each of these bodies is 
inherited as well as the earth. 

There are tw«aity-nine worlds, then, in the solar 
system alone. And every fixed star being a son, 
round which a certain number of planets perform 
their revolutions, and of which some have, luidoubt- 
edly, their satellites, we have an almost infinite 
number of worlds, similar to our earth, considering 
that the number of stars perceptible to the unas- 
sisted eye exceeds some thousands, and that the 
telescope discovers to 4is an incomparably greater 
number. 

If it is meant to comprehend under the name of 
vortd the sun, with the planets and their satellites, 
and which derive heat and light from him, we shall 
have as many worlds as there are 6x^ stars. But 
if bribe term loorU we understaad ine earth, with 
all the heavenly bodies, or all the beings which were 
created at once, it is clear that there can be but one 
world,'to which we refer every thing that exists. It 
is in this sense the term world is employed in philos-. 
ophy, particularly in metaphysics ; it is in this sense* 
we ssy that there is but one world, the assemblage 
of all created beings, past, as well as present an 
liitnre, whose existence is subject to general laws. 

When, therefore, philosophers dispute, whether 
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onr woild is the best or not, they proceed on tbe 
sapposition of a plurality of worlds ; and some main- 
tain that the one which exists is the best of all those 
which could have eiiated. They consider the Deity 
as an architect, who, intending to create this worid, 
traced several different plans, of which he selected 
the best, or that in which the greatest perfections 
were all combined, in the hishest degree, aod exe- 
cuted it in preference to all the others. 

But the great quantity of eril that preraila, and is 
difliued orer the surfoce of our ^obe, and which 
fk>we from the wickedness of man, angmsts an im- 
portant inquiry, oamely. Whether it woull hire been 
possible to create a world wholly exempted bom 
these evils 1 

In my opinion, a distinction nnut be carefully 
made between the fdans of a world wUch shoidd 
contain corporeal substances only, and ttioM of 
another wond, which should contain beio^ intelli- 

Knt and free. In the former case, the choice of the 
It would be involved in very little difficulty ; bvi 
in the other, where beings intelligent and free con- 
stitute the principal part of the world, Ute determi- 
nation of what is best is infinitely beyond our ca- 
pacity ; and even tbe wickedness of free agents may 
contribute to the perfection of the world in a manner 
which we are unable to comprehend. 

It would <^>pear that philosophers have not been 
mfBcientl^ ^tentive to this distinction, however 
essential it may be. But I am too sensible of mr 
own inci^>acity to enter any deeper into this difficult 
question. 

■" • ~ • ', 17«0. 
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LETTER LXI. 



Small Irregidanitea in tht Maliont of the PlantU, 
caused by their mutual Altracliim. 

In order to determine the moliati of the bodies 
which compose the solar system, it ia necessary to 
distinguish the primary planets, which are Mercury, 
Venus, the Earth, Mars, Ceres, Pallas, Juno, Vetta, 
Jupiter, Sahim, and the Georgium Sidus, from their 
satellites, namely, the mooii, the four satellites aC 
Jupiter, the seven of Saturn, and the six of the Geor- 
gium Sidus. 

It hasbeen explained to you, that these eleven plan- 
ets are principally attracted towards the sun, or that 
the force with which they areimpelled towards him is 
incomparably greater than the powers which they 
ezert one upon another, becituae his mass is incom- 
parably greater than that of the planets, and because 
they never sufficiently approacn to each other to 
render their reciprocal attraction very cKisiderable. 
Were they attracted only towards the sun, their mo- 
tion would be Buffldently regular, and easily d«teN 
mined. But the feebler powers of which 1 have 
been speaking occitsion some slight irregularities in 
their motion, which astronomers are eager to dis- 
cover, and which geometricians endeavour to detei^ 
mine on the principles of motion. 

An important question is here agitated — namely, 
Tiie pouiersuhieh act upon a body being knovm, hew to 
jittd the motion of that body J Now, upon the princi- 
ples above laid down, we are acquamted with tbt 
powers, to the influence of which every planet m 
subjected. Thus the motion of the earth is some- 
what affected, first, by the attraction of Venos, wNhh 
sometimes passes very near it; and, secondly, by 
that of Jupiter, which, on account of the prodigion 
83 
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maaa of this planet, becomes considenible, tlioagji 
he be always at a great distance. The masB of 
Mars is too small to prodace any perceptible effect, 
thouirh he is sometimes very near us ; and Saturn, 
tbongfa his mass be the greatest next to- that of Jo- 
piter, is too distant. 

The moon, though her mass be very small, pro- 
duces, however, some derangement, from her beinc 
very near the earth. The comet which appeared 
last year was seven times nearer to us than the sun 
when bis distance was smallest ; there is a srest 
degree of probability, therefore, that it ma^ have 
deranged the earth's motion, especially if his maaa 
was dHisiderable — a circrnnstauce with which we 
are not acquainted. If this comet were as great as 
the earth, the -effect must have been very consider- 
able; but itsBf^rentsmallness induces me to believe 
that its mass is much less than that of the earth, and 
consequently its effect must have been pnqwrtionallj 
less. When we saw this comet, however, it had got 
to a great distance : at the time when it was nearest 
it was invisible to ns, but it must have ^ipeared very 
brilliant to-our antipodes. 

What has been said respecting the derangements 
ocewioned in the earth's motion takes place Ukewise 
iii the other planets, regard being had to their maaa, 
and to their proximity. As to the moon, and the 
other secondary planets, the principle of their motion 
is somewhat mffereni. The moon is so near the 
earth, that the attraction she feels from hence greatly 
exceeds that of the sun, though the mass of this 
luminary be many thousands of times greater than 
that of uie earth. Hence it is that the motion of the 
yoon follows that of the earth, and that she remains, 
as it were, attached to it, which makes the moon to 
be considered as a satellite to our planet. 

Had the moon been placed much farther ^m na, 
nnd had shs been attracted less towards the eartli 
than towards the auDi abe would have become a {ni- 
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mary pbnet, and performed her own rev<datiotu 
round the aim; 'but she is 300 times nearer to ua 
tban she la to the aun ; hence it is evident that ha 
must exercise a much feebler influence upon her 
than the earth does. The moon being- princip^y 
attracted by two bodied, the sun and the earth, it ■■ 
evident that the determination of her motion must 
be much more difficult than that of the primary 
planets, which are subject to the attraction of the 
sun only, excepting the slight derangements which 
have been mentioned. The motion of the moon has 



, the esact place of the 

You perfectly comprehend, that in order to pre- 
dict an eclipse, whether of the moon or of the sun, 
we must he able accurately to ascertain the moon's 
place. Now in calculating eclipses formerly, there 
was frequently a mistake of an hour or more, the 
eclipse actually taking place an hour earlier or later 
than the calculation. Whatever pains the ancient 
astronomers took to determine the moon's motion, 
they were always very wide of the troth. It was 
not till the great Nactim discovered the real powlBTS 
which act upon the moon, that we began to approach 
nearer and nearer to truth, afler having sarmounted 
many obstacles which retarded our progress. 

I too have employed much time and attention on 
the subject : and Mr. Mnyer of Gottingen, pursuing 
the track which I had opened, has arrived at a de- 
gree of precision beyond which it is perhaps impoBsi- 
Dle to go.f Not much more, then, than ten yean 
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have dapMd Bince we could boast of aaf tiaagit^ 
tccurate knowledge of the moua's motion. Slact 
that tirae, we are able to calculate eclipses so ex- 
actly as not to make the mistake of a single minute ; 
whereas before, there was fiequently the ditTerence 
of eight minutes and mora. To analysis, tbtiL, we 
are indebted forthis important discovery, the nource 
of unspeakable advantages, not to the astronomer 
wily, but likewise to the geogr^ber and the navi- 
gator. 

93J Stptanber, 1760. 



LETTER LXII. 
Detcr^ion «/ Jht fluf cad Rrfiux of ike Sen. 

7'hb attractive power of the heavenly bH>die8 ex- 
tends, not only to the mass of the earth, hut to all 
the parts of which it is composed. Thus, all the 
bodies which we see on the surface of the earth are 
attracted, not only towards the earth itself, from 
which results their gravity, and the weight of every 
one in particular, but likewise towards the sua, and 
hMrards all the other heavenly bodies; and that 
more or leas, according to iho mass of these bodies 
and their distance. 

Now it is evident, that Uie force with which a 
body, say a stone, is attracted towards Ihe earth, 
must be incomparably greater than that with which 
the same body ia attracted towards the sun, the 
other planets, and the moon, because of their great 
distance. Such a body, being at a distance from the 
centre of the earth equal to a radius of this globe, is 
60 times farther from the moon. Though, then, the 

J»™.wjii (him ITS) CO 1788,30" In longilailii, ud Win luUnk; 
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tarn of the moon were equal to that of the «aitii, 
the attraction towards the moon would be 60 times 
60, that ia 3000 times less than the attraction lowarda 
the earth, or the gravity of the body. But the masa 
of the moon is about TO times less than that of th« 
earth ; hence the attractive power of the moon be> 
comes still TO times 3600, that ia, 253,000 times leas 
than the gravity of the body. 

Again, though the sun be many thousands of 
times greater toan the earth, he is about 34,000 times 
more distant from ns than the centre of the earth i 
and for this reason the attraction of the sun upon a 
atone is extremely MDall compared to ite gravity. 
Hence yon see that the gravitT of tarrestrial bodies, 
which is nothing else bnt the torn with which they 
are attracted towards the earUi, Jcaanot be percep- 
tSi^ affected by the attractioii-Of the heavenly 
bo£e8. 

Thongh this attraction, however, be veiy incon- 
siderable, there results from it a remarkable phe- 
nomenon, which long puzzled philosophers ; I mean 
the tides, or the flux and the reflux of the sea. It 
occurs so frequently, even in common conversation, 
tiiat it is almost a matter of necessity to understand 
it. For this reason, 1 propose to explain more mi- 
nnt«dy this singular phenomenon, ana to nnf<dd Uie 
causes which produce it. 

I begin, then, with the description of the well- 
known phenomenon of the flua and refiax of the 
Hardly any one is ignortfbt, that by far the grea 
part of the surface of our globe is covered with a 
mass of water, called the tea, or the owon. This 
immense fluid mass is very different from riveriand 
lakes, which, according to the different seasons of 
the year, contain sometimes less water, sometimes 
more, whereas in the sea the quantity of water at 
all times continues nearly the same, ft is, however, 
observed, that the water of the sea rises and falls 
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alternately with wonderful regnlarity twice ejvtf 
twenty-four hours. 

I(,'for iDHtance, in a haibour the water is now h1 
its greatest hei^t, it will presently beKiD to aubeide: 
and this decrease continues for sis hours, at the end 
of which its depth wiH be at the lowest. !t thea 
begins again lo rise, and the increase likewise lasla 
six hours, when it is again !tt its groatest depth. It 
imm^ately begins again to fall for six hours, and 
then rises aa many ; so that in the space of about 
twenty-four hours the water rises and falls twice ; and 
arrives alternately at its greatest and least depth. 

It to this alternate increase and diminutioa of Ihe 
water of the sea which we call its^Kraadrc/ttuc.or 



liaes, and the remx the time of its decrease or Hail- 
ing. The flui and reflui together likewise go by 
the name of tide. This alternation, then, is to be 
the subject of our present disquisition. 

It is Arst of all to be remarked, that the difference 
between rieing and falling keeps pace with the varia- 
tionsaf the moon. At full and new moon th« water 
rises higher than at the quarters; and about the 
time of the vernal and autumnal ecjuinoxns, in the 
months of March and September, this alternate mo- 
tion of the sea is most considerable. A great dif- 
ference is hkewise observed, according to the situa- 
tion of the coasts. The flux in some places is never 
more than a few feet, while in others the rise is 
forty feet and upwards. Such are the tides in tha 
Dorts of St. Maio in France, and of Brittol in Eng- 

It is further to be remarked, that this phenomeoon 
is perceptible chiefly in the ocean, where there is a 
vast extent of watery and that in seas bounded and 

• Tbg M« rtM oi. th. N E. nut of *mrric^ uH nwcuItT in tta 
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conflnei), such as tbe Battie and the JlferfifnmnnM, 
it is mach leita considerable. The interval from the 
liux to the succeeding reflux is not exactly six hourH, 
but about eleven minutes marc ; so that the same 
changes do not take place the day after at the sarao 
hoar, but Tall out about three-quarters of an hour 
later : eo that a revolution of thirty days ts requisite 
to brine them ^und to the same hour ; now, wis is 



LETTER LXIII. 

Different Opimtms of P/iilosopheri reMpeeling the J7d» 
and Reflvs of tU Sea. 

Whin the water of the sea rises at any place, we 
are not to imagine that it swells from any internal 
cause, as milk does when put in a vessel upon the 
fire. The elevation of the sea is produced by a real 
increase of water flowing hither from some other 

ElacB.* It is a real current, which is very oercepti- 
le at sea, conveying- the waters towards the pikes 
where the flux is. 

In order to have a clear comprehensiiui of this, 
you must consider that in the vast extent ofthe oceaa 
there are always places where the water in low, while 
it is high at others ; and that it is conveyed from the 
fonner to the latter. When the water rises at any 
place, there is always a current, conveying it from 
other places, where it is of course at that time low. 
It is an error, therefore, to imagine, with some au- 
thors, that during the flux of the sea the total maw 
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of watei becomes greater, and that it diminiabes 
during the reflux. The entire mass or bulk ot water 
remains ever the same; but tt is Bubjcct to a per- 
petual oscillation, by which the water is alternately 
transported from certain regions to others ; am 
when the water is high at any place, it is of course 
low somewhere else, so that the increase at places 
where it is high is precisely equal to the decrease 
at those where it is low. 

Such are the phenomena of the flux and reflux of 
the sea, the cause of which ancient philosophers en- 
deavoured to discOYer, but in vain. Seplcr, in Other 
respects a great astronomer, and the ornament of 
Germany, t«lieved that the earth, as well as all the 
heavenly bodies, was a real Uving animal, and con- 
sidered the flux and reflux of the sea as the effect of 
its respiration. According to this philosopher, men 
and beasts were just like insects feeding on the 
back of the huge animal. You will hardly expect 1 
should go into the refutation of an opinion so ridi- 
culous. 

Daearlei, that great French philosopher, endeav- 
oured to introduce a more rational philosophy ; and 
remarked, that the flux and reflux of the sea was 
principally regulated by the moon's motion; which 
was indeed a very important discovery, though the 
ancients had already suspected a connexion between 
these two phenomena. For if high water, or the 
top of the fiux, happen to-day at noon, it will be low 
water at eleven minutes after six in the evening: it 
will rise till 23 minutes after midnight ; and the next 
low water will be 33 minutes after six in the momlug 
of the day after ; and the ensuing high water, or flux, 
will be three-quarters of an hour after noon : so that 
from one day to another the same tides are later by 
three -quarters of an hour. 

And.as the same thing precisely takes place in the 
moon's motion, which rises always three-quarters of 
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an hour later than the preceding day, it was {nrttsnin^ 
able that the tides rallowed the course of the moon. 
If at any given place, for example, on the day of 
oew moon, hi$;h water happen to ba at three of tha 
clock, aAemoon, you could rest assured that ever 
alter, on the first day of the moon, the flux would 
invariably be at the height at three o'clock aflemoon, 
and that every following- day it would fall later by 
three-quarters of an hour. 

Aram, not only the time when every flux and ro- 
fluihappenexaetlyfoIlowBthe moon, but the strength 
of the tides, which is variable, appears still to depend 
on the position of the moon. They are everywhere 
stronger after the new and full moon, that is, at these 
perioda the elevation of the water ie greater than at 
other times ; and after tha lirst and last quarters, the 
elevation of the water, during the Oux, is sm^er. 
This wonderful harmony between the tides and the 
motion of the moon was, undoubtedly, sufficient 
ground to conclude, that the chief cause of the flux 
and reflux of the sea was to be bought for in th« 
action of the moon. 

Seicarttt accordingly believed that the mooUi in 
passing over us, pressed the atmosphere, or the air 
which surrounds the earth, and that the air, presRinc 
on the water, in iti turn forced it to subside. Had 
this been the case, the walur must have been de- 
pressed at the places over which the moon was, and 
the same effect should be produced twelve hours aftw 
in the ensuing tide ; which, however, does not hap- 
pea. Besides, the moon is too distant from the 
earth, and the atmosphere too low, to he impressed 
by the moon; and admitting that the moon, or any 
other great body, were to pass along the atmosphere, 
it woiJd be very far from undergoing any presaure 
from it, and still less weald the sea feel t^is pr»- 
t«Dded pressure. 

This attempt of JDticaritt to explain the fliu wl 

Vol. I.— T 
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reftix of the sea has therefore fculed ; but the can- 
nexion or this phenomenon with the moon's motion, 
whic!' this pliilosopher has so clearl' unfolded, en- 
abled his succeasora lo employ the applicauoii of their 
reaearchea with more effect. This shall be the snb- 
JBct of s<Koe foUowingr Letters. 
30tA Stpttmier, L760. 



LETTER LXIV. 



DcscABTcs's method of explBininf the flux and 
rettax ot the sea, by the pressure of the moon upon 
oar atmosphere, not having' succeeded, it was rea- 
sonable to look for the canse of it in the attractioD 
which the moon exercises upon the earth, and con- 
sequently also upon the sea. 

The attractive power of the heavenly bodies taav- 
iiiK been already sufficiently established bj so many 
other phenomena, as I have shown, it could not be 
doubted that the Hux and redux of the sea must be 
an effect of it. Aa soon as it is demonstrated that 
the moon, as well as the other heavenly bodies, is 
endowed with the property of attracting all bodies 
in the direct ratio of their mass, and in the inverse 
ratio of the square of their distance, it is easily com- 
prehended that its action must extend to the sea; 
and the more so, as you must frequently have ob- 
served that the smallest force is capable of agitating 
a fluid. All that remains, therefore, is to inquire, 
whether the attractive power of the moon, such as 
we suppose it, is capable of producing- in the ses 
the agitation known to ua by the name of flux and 
nfiai. 
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C, as they are all three nearly equidistant from the 

Hence we see that bodies {riaced on the surface 
of the earth are not all equally attracted towards the 
moon. This inequality of attraction depends on the 
inequality of their distance from the centre of the 
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and the contrary takes place according as the dis- 
tance is greater. 

To these differences in the action of the moon on 
bodies dtferently situated we must here chiefly pay 
attention -. for if all bodies were equally attracted 
towards the moon, they would equally obey thia 
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power, and no derangement could take ^aee in their 
mutual situation. 

You can eaaily form the idea of several caniagea 
drawn along by powen perfectly equal ; Uiey will 
proceed on the road, always preservinff the same 
order, and the Bame distances ; but its soon ae eome 
of them advance more briskly, and others more 
slowly, the order will be deran^d. The same thing 
takes place in the case of the different bodiea which 
are attradted by the moon ; if they all felt in the 
same degree the action of that luminary, they would 
preserve the same relative aituation, and we should 
perceive no change in them: but as soon as the 
force with which they are attracted lowai^s the 
moon varies as to eachofthem, their order and thmr 
relative situation necessarily change, unless they 
are attached to each other by bands which that power 
is unable to Inwst asunder. 

But this is not the case with the sea, as all the 
pirticles of a fluid an easily separated fmm each 
other, and every one may obey the impressions 
which it receives. It is evident, then, that when 
tile powers which act on tiw different parts of the 
Ma are not equal to one another, an agitation, or 
derangement, must tie the consequence. 

We have just seen that the different parts of the 
•es are attracted unequally by the moon, sccoiding 
as tiiey are imequallv distant from her centre; the 
sea must, therefore, be agitated by the force of the 
noon, which, continually changing her situation with 
respect to the earth, and performing a revDhitioa 
roniid it in about twenty-rour hours and three-quar- 
ters, makes the sea undeigo the same changes, and 
presents the same phenomena in the same period of 
twenty-four bours and three-qnartera ; the fhix and 
reflux must, ther-'fore, be retarded from one dny lo 
another three-qu.rters nf an hour, which is con- 
ftmed by constant experience. 

It now remains that we show how the slteniate 
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elnation and deprwsioii of the sea, which nicceed 
each other after an interval of biz hours an<l eleven 
nunutes, result from the inequality of the powers of 
the mooD. This I propose to examine in mv next 
LeUer. 
4tk Ocbitr, 1760. 



LETTER LXV. 

7^ tarns Suifect eonthaed. 

Yon hare seen that the moon causes no alleratioB 
in the state of the earth, but in so far as she acts 
unequally on its dilferent parts. The reason of it is, 
that if afi its parts equally felt the same action, the^ 
would be equally attracted, and ao change in their 
relative situation would result from it 

But a body being at A {Fig. 31, p. 219), nearer the 
moon than the centre of the earth C, ia oiore power- 
fully attracted to it than a body at C would be ; it 
will approach it, then, with ^ater velocity than thi! 
last : from hence it neceHsanly follows, that the body 
A retires froDi the centre C, and approaches the 
fnoon.; as if .there were two chariots, the one at A, 
the other at C, and if the chariot A were drawn to- 
wards L with greater force than the chariot C, It 
would remove from C. It is thua that the power of 
4he moon has a tendency to withdraw the point A 
from the centre C. 

Now, to remove a body from the centre of the 
earth is to raise it ; and the water at A being now 
the thing in question, it is certain that the force of 
ithe moon tends to raise the water which is at A, by 
.a power equal to the excess of the attraction towards 
the moon felt at A above that felt at C. By this 
power,then,the moon raises the waters of the earth 
which are immediately under her. 

Let us now, likewise, attend to a body al B, 
TS 
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dlrtctlf Opposite tn the point A ; the centre of the 
earth C, more powerfully attracted by the moon 
than the point B, will approach nearer to it, and this 
last, so to speak, will remain behind, just ts a. char- 
iot which is drawn more alowty than that which 
precedes it. The point BwiU consequently remove 
iVom the centre C, and rise ; for to remove from the 
centre of the earth, and to rise, la one and the same 

It IS evident, therefore, that the power of the moon 
tends to raise the waters, not onlyat A,bat hkewise 
St B, the point diametrically opposite, and that by a 
force equal to the difference of the attraction of the 
moon at B and at C, which is less at B than at C. 
Now, those who am at A hare the moon directly 
above them, or in their zenith; and those who are 
et B see nothing of the moon, because she is then 
in a point of the heavens diametrically opposite td 
their zenith, called nadir. 

ifence it appeara, that at whatever part of the se« 
it m.\y be, the water must rise equally when the 
moon is in the zenith of that place and in its nadir, 
or, when the moon ia at its greateat elevation above 
the horizon, or at its greatest depression under it. 
At Xhb h\lermediate periods, when the moon is in 
the horizon, either rising or aetting, she exercises 
nopowercitpabte of raising the sea-, a small contrary 
power tends even to make it fall. 

According to this system, at the place of the sea 
where the moon is in the zenith, its power haa a 
tendency to raise the waters; about six hours after, 
when she has reached the horizon, her power has 
a tendency to make them fall. Twelve honrs and 
twent}^-two minutes after, the moon being then at 
the point most distant under the horizon, she exer- 
cises the same power to raise the water ; and at the 
end of eighteen hours thirty-three minutes, when 
she has got to the opposite horizon, the waters are 
fallen ) till Bt length, twenty-font hours and forty- 
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five minutes rrom tha first period, she returns to the 
zenith, raiBing th« water aa on the preceding dsy ; 
and tMs is confinned by unifonn experience. 

This alternate eleyation and depression of the sea 
at intervals of six hours and deven minutes, ba*ing 
such a perfect conformity with the moon, leaves na 
no roan to doubt that the flux and reflux of the aea 
are taused. by the attractive power of the moon. 

It is a rematkable circumstance that she acts 
equally on the soft, in raistng it, whether she is at her 
ffreateat hei^t alMve the horizon, or at the most 
distant point under it. This appeared at fini very 
strong to phitosophors, who imagined that the moon 
must produce under thu horizon an effect contrary 
to that which she producea whea in the zenith. But 
you see clearly that the moon produces the aame 
effect in these two diametrically opposite poaitions ; 
aa I have demonitrated in the hgure d>ove referred 
to, that the effect of the moon is the same at A and 
ntB. 

7th October, 1760. 
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PaoH what has been said respecting the flax and 
reflux of the sea, you must be BenaiMe that the aya- 
tem of Netelort, which I have adopted, is directly 
contrary to that of Descartet. According to thia 
last, the moon exercises a pressure, and the sea mast 
subside at places situated directly under her: but, 
according to Neaton, abe nets 1^ attraction, and 
forces the water to rise at these very placea. 

Experience, then, must determine which of theae 
two aystems ia to be received. No more is necea- 
aary tlian to consult the obscrvadona made with re- 
spect to the ocean, in order to see whether ttae water 
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rises or fulls whMi the moon is in the Zenith. Re- 
course has actusllybeen had to this; but it is found 
that when the moon ia at either the zenith or nadir 
of a given place, the water there is neither hj(^ nor 
tow ; and that high water does not take p1ac« till 
some honrs after the moon has passed the zenith. 

From this circumstance, persona who examine 
things superficial])' concluded at once that neither 
of the STstems was admiasible ; and the Garteaitns 
fasTB taken adnntt^ from it, (ffesuming, that if 
NaaUn't was ngected, that of DetearU* must neces- 
sarilr be adopted, though the observations referred 
to are as contrary to the system of Jhteartt* as they 
appear to be to that of TioBtim. 

But the system of De*cart*M is overturned by this 
single phenomenon, that the sea is always in tlw 
same Oate after a period of twelve hoots and 
twenty-two minntes, or that its state is always the 
same, whether the moon be above or below the 
horizon ; and it is impossible for its supporters to 
show how tbe moon, being over the heads of our an- 
tipodes, can produce the aame effect aa when she is 
over ours. For this purpose, see Fig. 36. 

Experience proves that the it- » 

state of the water at A is the * - ' 

same, whether the moon be at 
M, the zenith of the point A, or 
ft N, its nadir, which is conB»- 
quently the zenith of the anti' 
podes at B. The effect of the / 
moon, then, on the water at A, I 
is the same in both cases. But 
if the moon acted by pressure, 
according to DeKorttt, it would 

foUow that when the moon ii 

M, the water at A must fall ; and 

if she were at N, it is impossibis 

that the water at A should undergo the suu 

pressure. 
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In tiie Bvateai o( attractioD, on tbe contraiy, it is 
incontestablj certain, that the action of the moon 
must be nearly the lame whether that luminary be 
at H or at N ; and this is demonatrat«d b; actual 
observation. 

1 muit here repeat a preceding eiplanation, be- 
cause it is a matter of the utmost imporbance. Wheu 
the moon is at M, the point A ia nearer it than the 
centre C ; it is therefore more powerfully attracted 
than the . centre ; the point A will remove from tha 
centre, consequently it will then rise ; the moon, 
being at M, has a tendency to raise the water at A. 
Let ns now Bee what effect the moon, being at N, 
will produce, where she arrives in twelve hours and 
twenty-two minutes after she was at M. As th0 
point A ia more distant from the moon at N than the 
centre C, it will be m»re feebly attracted ; the cen- 
tre C will advance with greater velocity towards N 
than the point A; the distance A C will accordingly 
become greater; the point A will therefore be 
more distant from the centre C. But to be mora 
distant from the centre of the earth is to rise, con- 
sequently the moon, being at N, makes the point A 



But here experience presents a very formidable 
objection ; for it ia observed, that the moon being at 
M, or at N, the water is not then at its greatest ele- 
vation at A. This does not take place till a con- 
siderable lime after, and thence some have beea in- 
duced to reject this explanation alto^tber. But 
yon will easily see that their decision is extremely 
precipitate. 

I have not said, that when the moon is at M or N, 
the water at A is at its neateat hei^t ; I have only 
said, that the power of the moon has then a tendency 
to make the water rise. But the water at A coold 
not rise unless its quantity were increased ; and that 
increase can be produced only by the flowing of the 
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irater from other parte, aome of them Tcry distant 
A. conaiderable lime, Iheiefore, is reoaisite to tte 
accumuI>Uioa of & BofScieDt quantity or water ; it is, 
then, very natural to auppoee that high water at A 
should not take place for some time afler the moon 
haspaaaed M or N. This observation, therefore, is 
so far from overturning our system, that it tends 
stroD^y to confirm it. 

There is no room to doubt that the power which 
has a tendency to raise the sea must precede its- 
greatest elevation, nay, that a considerable time 
must intervene, aa the water must flow thither from 
places very T«mote, that is, from places where the 
water must be low, while it is high at A. If the 
water has to pass through straits, or has its current 
otherwise obstructed, high water will be still more 
retarded; and if in the ocean it is high water at A 
two hours after the moon has psased M or N, it will 
not be at the height in narrow and bounded seas for 
three hours or more : and this perfectly agrees with 
daily observation. 

llri October, 1760. 
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The *amt Suifeel eontmaed. 

\"t is no longer, then, a matter of doubt, that the 
flux and reflux of the sea is caused by the attractivs 
power of the moon. But there remains one difficulty 
more to be removed : Why is the motion of the sea 
much more considerable at the time of new and foil 
moon than at the quarters < If the moon wers 
nearer the earth when she is new, or full, thai 
when ahe la in her quarters, there would be no difll- 
culty in the qnestion, as her proximity would in- 
crease her power. But though the moon approach^ 
the euth sometimes more, sometimes less, the dif- 
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feraicfl IB alwKyB too amall to occasion a changa ao 
coneiderabie in the flux and reflux of the sea. 

Besides, this diffeience is not ceguLated by the 
new and full moon; and it may happen that the 
moon, in the intermediate quarters, snoukl be Dearer 
to us than when she is new or fuU. We must h&ra 
recourse, therefore, to another cause capable of in- 
creasing the flux and reflux of the sea at the new 
and full moon, and of diminishing it at the interme- 
diate quarters. 

The system of attraction ahowa us at flrst, that it 
is the action of the sun which, joined t^ that of tfa« 
■noon, fumiahee a complete solulioa to all the phe- 
nomena presented to us by the flux and reflux of the 
■ea. Indeed, all that I have said respecting the 
power which the moon exercises on the sea is 
equally a^iplicable to the sun, whose attractive power 
acts likewise unequally on all the parts of the 
earth, according as they are more or less remote 
from him. The attraction of the sun is even much 
more intense than that of the moon, as it chiefly 
regulateB the motion of the earth, and carries it 
round its orbit. 

As to the motion which he communicates to the 
sea, it depends on the inequality of that action, with 
niatioii to the different points of the surface of the 
earth, which are more or less attracted towards the 
BWi Ihsn its centre— ss I have already shown yoo, 
in explaining the effect of the moon. If all the parts 
of the earth were attracted equally, no change in 
their mutual situation would take place. But though 
the power of the sun be much greater than that of 
the moon, the inequality, with relation to diS'erent 
parts of the earth, is nevertheless smaller, on account 
of the great distance of the sun, which is 400 times 
ftrther from us than the moon. The difference of 
the power with which the centre of the earth, and 
the points of its surface, are attracted towards tbe 
sun, Is therefore very amaU ; and from oalcnlatioi» 
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■ctnallf made, it is fbtind to be throe timos tm, 
nearlj, than that nf the moon upon tbese pointt. 
The attractive pover of the bdd ak>iie, then, would 
likewise be capable of causing the flux and reflux o( 
the sea ; but it would be about throe times less thai 
tiiat which is the effect of the combioed inflnence of 
tbeaa two luminaries. 

It is evident, then, that the fiuz and reflux erf' the 
sea are produced by the power of both the sun and . 
the moon, or that there am reaJly two tides occa- ' 
eioued, the one bjr the moon, the other by the sun, 
and called 4he lunar tide and the lolar ttJt. That j 
of Ui« moon, nearly three times greater, fallows its ' 
motion, and from one day to another is rolarded 
thre«-qaarters of an hour ; that which follows tba i 
action of the aun would constantly correspond to 
the same hours of the day, if it exiated alone, or if i 
tbero wero no moon. These two tides, the lanai 
and the solar, together produce the flux and reflux 
of the sea ; but as the one and the other separately 
make the waters of the sea alternately to rise and 
fall, when it happens that these two causes con- 
jomtly make the sea rise and ThU, iis flux and reflm 
become much more considerable ; bnt when the' one 
tends to raise the sea, and the other to lower it, al 
the same [dace, when they act in contrary directions, 
the one will ihen be diminished by tt^ other, airf 
the lunar tide will be weakened by the solar. Ac- 
cording as these two tides assist or check each 
other, the flux and reflux will then be more or leai 
considerable. 

Now, as at the time of new moon the aun and 
moon an in the same parts of the heavens, their 
effects being perfectly in uniaon, the flux and roflm 



ot full moon, when the moon is o[^site to the sul i 
as we know that she prodocea the same effsd, 
tttongfa she be in a poot of the haaveB* dtamebi- 
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cally opposite to the first. The flux and reflnx 
muat therefore be greater at new and fulF moon 
than at the first and last quarters. For then the 
power of the son ia exerted to Ipwer the waters, and 
that of the rooon to raise them. It it evident, there- 
fore, that at these seasons the flux and reflux moat 
be less considerable : and actual observation con- 
flrma it. 

It might be still further demonstrated In' calcula- 
tion, that the effect of the moon, or of the sun, is 
somewhat greater when these bodies are at the 
equator, or equalty distant from the two poles of the 
globe : which happens at the time of the equinoxes, 
towards tlie end of the months of March and Septem- 
ber. It is found, too^that at that time the tides are 
strongest. It follows, beyond all doubt, then, that 
the tides, or the flux and reflux of the sea, are 
caused b^ the attractive power of the moon and of 
the sun, masmuch as these powers act unetjualfy on 
the different parts of the sea. The happy explana- 
tion of this phenomenon, which had so dreadfully 
perplexed the ancients, is a complete confirmation 
of tse system of attraction, or of imiversal gravita- 
tion, on which is founded the motion of all the 
heaTenly bodies. 

nth October, 1760. 
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Hatino given yon a general bnt exact idea of 
the powers which produce the principal phenomena 
of m* universe, and on whtch are founded the 
motions of all the heavenly bodies, it is of import- 
mee to consider with more attention those powers 

Vot. I.— U * 
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wbicb an the principal poiats of the ayBtem of 

Htlraction, 

It is eupposed in this ayB^em, that ^1 bodies mu- 
tually attract each other in the ratio of their itnaa, 
and relatively to thefr distance, in conrormity to 2 
law already explained. The saiiBractory reanner in 
which mast of the phenomena in nature are ac- 
counted for proves that this supposition is founded 
iu truth; and that the attraction which different 
bodies exercise upon each other may be conaidered 
aa a most undoubted fact. It now remaina that we 
inquire into the cause of these attractive powers; 
but this research belongs rather to the province of 
raetapbysics than of mathematics. I dare not 
therefore flatter myself with the prospect of abso- 
lute BUCceBs in the prosecution of it. 

Aa it is certain that any two bodies whatever are 
attracted to each other, the question is, What is the 
cause of thia attraction ! On this point philosopbent 
are divided. The English maintain that attraction 
La a property easential to alt the bodies in nature, 
and that these bodies, hurried along by an irreaist' 
ibte propensity, tend mutually to approach, aa if tbej 
were impelled by feeling. 

Other philosopherH consider this opinion aa ab- 
snrd, and contrary to the principles of a rational 
philoeopby. They do not deny the fact : they even 
admit tliat powers exist which are the causes of the 
reciprocal tendency of bodies towards each other: 
but tiiey maintain, tnat they are foreign to the bodi«« ; 
that they belong to the ether, or the Bubtile matter 
which surround them, and that bodies may be put 
in motion by the ether, just as we see that a body 

Sunged into a fluid receives several impressiooi 
am it. Thus, accordinfc to the first, the cause of 
tbt) attraction resides. in the bodies Ihemaelve;, and 
is esseutial to their nature ; and according to the 
hat, it is out of the bodies, and in Jhe fluid whjch 
•iirrouDda them. In this caae, the tern atlractiOD 



\ 




UMiriMAL BRATrTATIOir. 3tl 

would be improper; and we must rather say that 
bodies are impeUed towards each other. But aa ^e 
effect ia the same whether two bodies are recipro- 
caUv impdled or attracted, the word attraction 
Deed not five offence, provided it is not pretended 
by that term to determine the nature itself of the 
cause. 

To a*oid all confuaion which might roanlt from 
this mode of expression, it ought rather to be aaid 
that bodies move as if they in uinally 'attracted each 
other. This would not decide whether the powers 
which act on bodies reside in the bodies themselves 
or out of them ; and this manner of speaking might 
thus auit both partiea. Let iis conAne ourselves to 
the b*dies which we meet with on the surface of 
the earth. 

Every one readily admits, that all these wouM 
fall downwards, unless they were supported. Note, 
the question tarns on the real causa of this fall. 
Some say that it is the earth which attrfets these 
bodies, by an inherent power natural to it ; others, 
that it la the ether, or some other aut^tile or invisible 
natter, which impels the body downwards : so that 
the effect is, never^elesa, the same in both cases. 
Ttds last opinion is most satisfactory to those who 
are fonA of clear principles in philosophy, as they 
do not see bow two bodies at a distance can act 
vpon each Other, if there be nothirig between them. 
The others have recourse to the diviue Omnipotence, 
and maintain that Ood has endowed all bodies with 
A power of mutual attraction. 

Though it be danf^rous to venture on a dispute 
concerning the limits of Divine power, it is never- 
theless certain that if attraction were an immediate 
woiic ofthat power, without being founded in the na- 
ture of bodies, this would be the same thing as say- 
ing that Godimmediately impels bodies towards each 
•ner, and this would amount to aperpetual miracle. 

Let us BU[^se Uut before the creation of tba 
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world Ood bad created onljr two bodies, at a dis- 
tanoe frcxn each other; thst nothing absolutetr ex- 
iited out of them, and that thev were in a state of 
rest; would it be possible for the oae to appi^mch 
the other, or that they should have a propensitjr to 
approach 1 How could the one feet the other at a 
distance ! Whence could arise the desire of ap- 
proachiogl These are perplexing questions. But 
if you suppose that the intermediate space is filled 
with a subtile Untter, ^o can comprehend at once 
that this matter may act upon the bodies, by impel- 
linf them: the effect would be the same aa if tney 
possessed a power of mutual attraction. 

Now, as we know that the whole apace which 
separates the heavenly bodies is filled with a sabtUe 
matter, called elher, it seemsmore reasonalde to as- 
cribe the mutual attraction of bodies to an action 
vhich the ether exercises upon them, though its 
raonner of actiitf; may be unknown to us, rather thaa 
to have rScouree to an unintelligible property. 



which they called occult, saying, for exatn^, that 
opium causes sleep, from an occult quality, which 
disposes it to procure sleep. This was saying just 
nothing, or rather was an attempt to conceal igno- 
rance. We ought, therefore, likewise to consider 
attraction as anoccultquality, in as far as it is given 
for a property essential to bodies. But as the idea 
of all occult qualities is now banished from philoso.- 
phy, attraction ought uot to be considered in this 
sense,* 

ISlA Oeloter, 1760. 
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LETTER LXIX. 



Tbi roettphyncal disquisition, Whether bodies 
may be endowed with an intemaj power o( attract- 
ing each other, without being impelled by an exter- 
nu force, cannot be terminated till we have exam- 
ined more particularly the nature of body in gene- 
ral. As this subject is of the last importance, not 
~ only in mathematics and physics, but in every branch 
of philosophy, you mint permit me to go into a more 
particular detail of it. 

First, it is asked, What is body ? However ainurd 
this question may appear, as* no one is ignorant of 
the difference between what is body and what is 
not, it is, however, diStcnlt to ascertain the real 
characters which constitute the nature of bodies. 
The CarteBians say it consists in extension, and that 
whatever is extended is a body. They clearly un- 
derstand that extension has in tnis case three dimen- 
sions, and that a single dimension, or extension in 
length only, gives oi3y a line ; and that two dimen- 
aions, length and breadth, form only a surface, which 
still is not a body. To constitute a tmdy, therefore, 
we most have three dimensions, and every body 
must have length, breadth, and depth or thickness; 
in other words, an extension in three dimensions. 

But it is asked, at the same time, if every thing 
which has extension is a body. This must be the 
case if the definition of DtMeartei be just. The ides 
which the vulgar Term of spectres contains exten- 
sion; it is, however, denied that they are bodies. 
Though this idea be purely imaginary, it serves to 
prove, however, that something may have extension 
4nthout being a body. Btvides, the idea which we 
US 
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have er >pace coatains, nadoubtedly, an extenuon 
withthreedimenaioM. It is admitted, neverUielesa, 
that space alone is not a body; it only furnishes tlw 
idace which bodies occupy and fill. 

Let us suppose that all those things which are at 
present In my Bpartment, air and every thing, were 
annihilated by the divine Omnipotence, there would 
remain still in the apartment the same length, 
breadth, and height, but without a body in it. Here, 
then, is the possibility of an extension that shall 
not be a body. Such a space, without body in it, is 
called a vacuum ; a vacuum, then, is extensiou witb> 
out body. 

It may likewise be said, according to the volgw 
Buperstition, that » spectre has extension, but uiat 
body or corporality is wanting to it. It is clear, 
then, that extension is not sufficient to constitute ■ 
body, — that something-more is necessary ; hence it 
follows that the definition of the Cartesians is not 
exact. But what more is necessary, besides exten- 
sion, to constitute a body ? The answer is, mobil- 
ity, or the possibility of being put in motion ; for, 
though aboaybeatrest,whatever maybe the canses 
which preserve it In that state, it would, however, be 
possible to move it, provided the powers applied to 
It were sufficient. By this, space is excluded from 
the class of bodies, as wa see that space, which 
only serves to receive bodies, remains immoveable, 
whatever motiwi the bodies that it contain m^ 
have. 

It is likewise said that, by the help of motion, 
bodies are transported Erom one place to another ; 
by which we are given to understand that the plac«s 
and space remain unchangeable. My apartment, 
however, with the vacuum which I have ^love aiip- 
posed, might undoubtedly be moved, ^d aotuaUy is 
so, 0* it follows the motioq which carries round the 
earth itself; here, then, is a vacuum in motion, witb- 
ogt being a body. The vulgar superstition, too, be- 
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«tows motion on spectrei ; and this is Buffieient to 
prove that the power or being moved and exteiuion 
alone do not constitute the nature of bodiei. Some- 
thing inoreia wantiiiK; there rpust be matter to con- 
stitute a body, or rather, it is this which distinguishes 
a real body from simple evtensioD, or from a Rpectre. 

Here, then, we are reduced to explain what in to 
lie underetood by the term mailer, without which ez- 
tensioB cannot be body. Now, the signiflcation of 
these two terms ia so much the aame, that all body 
is matter, aiid all matter is body ; bo that even now 
.we have made no great progress. We easily dis- 
-cover, however, a general character, inaeparable 
from all matter, and consequently pertaining to all 
bodies ; it is impenttrabiiily, the impossibility of being 
^netrated bv other bodies, or the impossibility that 
two bodies should occupy the same place at oace. 
In truth, impenetrability is what a vacuum wants in 
«rder to be a body. 

It will perhap be objected, that the hand mav be 
«aBily moved through air and through water, which 
are nevertheless acknowledged bodies; these, then, 
must be penetrable bodies, and consequently impene- 
trability is not an inherent character of all bodies. 
Sul it ia worthy of remark, that when you plun^ 
your hand into water, the particles or the water 
make way for your hand, and that there is no water 
in the space which your hand occupies. If the 
band could move through the water while that Rmi 
'did not make room for it, but remained in the place 
vrUch the hand occupied, then it would be penetra- 
ble ; but it is evideut this is not the case. Bodies, 
then, are impenetraUe : a body, therefore, always 
oxcludte from the place which it occupies every 
other body ; and as soon as a body enters into aov 
plftce, it \» absolutely necessary that the body whicn 
occupied it before abonid leave it. This is the s«iim 
"whicn we must affix to the term impenetrability. 

aitt Oclaker, 17M. 




nrmmfcnLnT or i 



LETTER LXX. 
ImpenetraUlilf of Bodiet. 



Tmb instance of a sponge will perfaaps be pro- 
duced as an objection to the impenetnbtlity of 
bodies, which [ilunged into water appears cmi^ileteljr 
ipenetrated by it. But the particles of the spnngv 
are very far from being so, in such s manner as that 
one particle of the water should occupy the aame 
place with one particle of the spunge. We know 
that spunge is a very porous body ; and, that before 
it ia put into the water its pores are filled with air ; 
as soon as the water eaiera into the pores of the 
spunge the air ie expelled, and diaengages itself 
under the form of little bubbles ; so that in this f:«se 
DO penetration takes place, neither of the air by the 
water,norof the water by the air, aa this last always 
makes its escape from the place into which the 
water enters. 

It is, then, a general and essential property of all 
bodies to be impenetrable ; and consetjuently the 
lustneas of this definition must be admitted, tkal « 
tody u an impenelrablr txttttsion ; as not only all 
bodies are extended and impenetraUe, but likewise 
reciprocally, as that which is at the seme time ex- 
tended and impenetrable is beyond contradiction a 
body. Vacuum is accordingly excluded from the 
elassof bodies ; forthoughithasexteasion, it wants 
impenetrability; and wnerever we meet witii a 
varuum, there bodies may be introduced without 
thrusting any thing out of its place. 

We must attempt to remove another diflBindty 
nised against the impenetrability of bodies. There 
are, say the objectors, bodies which admit of c«mb- 
pression into asmaller space: as, for example, wool, 
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B reduced in tbe same pUce, 
Goneequently they mutually peneU'ate. 

There is, however, nothiiw in this ; for the air 
too is a body or a substaftce ndl ot empty pores, or 
filled with that, fluid, incomparably more subtile, 
which we call ttier. In the first case no penetration 
will ensue, is tbe particles of air only approach 
nearer to each other according as tbe THCuum is 
diminished/ and in the other case, the ether finds a 
■ufficiency of small paaaai^ by which to escape as 
tbe partides of the air approach each other, but all 
tbe while without any mutual penetration. For this 
reason it is necessary to employ a greater force 
when we want to compress the air more ; and if tbe 
sir were compressed liltouch a degree that its mi- 
nute particles touched each other, we could not 
carry the compression farther, because, were it pos- 
sible, the minute particles of the air must mutually 
penetrate. 

It is, then, a necessary and fundamental law in 
nature, that no two bodies can pmetrate each other, 
-or occupy the same place at once ; and it is in con- 
formity to this principle that we must look for the 
Tesl source of all the motions which we observe in 
.all bodies and of the changes which befall them. 
As two bodies cannot continue their motion without 
penetrating each other, it is absolutely necessary 
that the one should give place to the other. If, then, 
two bodies are moving in the asme hne, the one to 
the left, Uie other to the right, as it frequently bap- 
pens at billiards, if each were to continue its D 



takes place, by which the motion of each body la 
almost instantly chan^ ; and this shock is pro- 
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duc«d in mtan ooly to prevent peDetration. Hw 
motion of each body is precisely chtuiged no furthci 
than is necesaary to prevent all penetration ; and ii 
this eouHiits the real cause of all the changes whick 
happen in the world. 

When all these changes are attentively considered, 
they are found alwn^ to take place in order to pte- 
vent some penetration, which without these changes 
miut have ensued. At the monient I am writing, I 
obaerre that if tiie paper were penetrable, Uie pea 
would pass freely intd it without writing i but a« the 
paper sustain) the pressure of my pen mmstened 
with ink, it receives from it some particles which 
form these letters, which could not happen ifbodie* 
penetrated each other. 

This proper^ of all bodies, known b^ the tem 
imvenetnibility, is then not onW of the last importance 
relatively to every branch 4r human knowledge, but 
we may consider it as the master-spring which na- 
ture sots a-going in order to produce idl her won- 
ders. It merits, then, an attentive ezaminatioa, in 
order that we may be enabled to esplnin more deaily 
the nature of bodies, and the prmciptes of ereiy 
species of movement commonly called faw* rf 

SUA Ocloier, 1760. 



LETTER LXX!. 

Of tht Motion of Bod%t», real wtrf appanmt. 

AiJ> bodies are at rest or in motion. However 
evident this distinction may be, it is almost impos- 
sible to judge whether a body is in the one state or 
in the other. The paper which I see on my tatte 
seems to me really at rest ; bm when 1 reflect that 
the whole earth Is moving with that astonidiinc 
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velocity which I explained in s foimer Letter,* my 
house, my labte, and Ihn pnper rmist absohitely be 
carried along with the same rapidity. Thus e»ery 
thing that seems to be at rest has in reality the same 
motiOD as the earth. 

We most therefore diatinniish between two kinds 
of rest I the one absolute, the other upparent. Ab- 
wriute rest tdes place when a body remains con^ 
stantly in the same place, not with relation to the 
earth, but with relation to the universe, ir the fixed 
stars remained always in the same place of the nni' 
Terse, they would he at rest, thoi^h they seem to 
move very rapidly ; but as we are not certain of it, 
we must not pretend to affirm that the fixed stars 
tie in a state of absolute rest. 

A body is said to be in a state of apparent rest 
when it preserves the same situation on the earth. 
It is likewise to be pr^Draed that these terms, rest 
and motion, have been introduced into language to 
mark rather appearances than truth; and in this 
sense 1 affirm, without hesitation, that mv table is at 
rest as well as the whole earth ; and tnat the sun 
and the fixed stars are in motion, and thai a very 
rapid motion, although they are really at rest. We 
should, therefore, be aacnbing- strange and purely 
metaphysical ideas to these expressioiM, if we un- 
derstood by them ^lotute Test or motion; and it is 
absurd to eniFdoy, as some persons do, passages of 
the Holy Scriptures to prove that the earth w at 
rest, and the sun in motion. 

Language is formed for ^neial use, and philoso- 
pbers are under the necessity of forming a particular 
lai^oage for themselves. As we are incafnbte to 
judge of absolute rest. It is very natural for us to 
consider those bodies as at rest which preaerre the 
situation relatively (o the earth, as it is very 
' 'e Um inhabitants of other {daiwts likewise 
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fwrm Uieir Judgment of rest from the budo Bitoatioi 
relativelv to Ibeir respective planet. 

We obaeire, that Davigatora conaider aa at raM 
the object* which preBene the same aituBtitm i^»- 
tively to their vessel, and that the coasts which tbej 
diecoTcr appear to them to be in motioii ; aqd do ona 
thinks of noding fanit with their naing the commoB 
modes of expression. There is, therefore, a great 
difference between rest and motion, real or absotntA, 
and between rest and motion apparent, or relative to 
a bodv, considered at the time as in a state of rest, 
though perhaps it may be in motion. The priociples 
or laws of motion refer chiefly to the abaohite state 
of bodies, that is, to their rest or motion, real or 
ritsolnie. In order to discover these laws, we begin 
with considering a body singly and abstractedly from 
all others. 

This hypoUiesis, thou^ Mnever can take jdace, it 
in reality very proper to assist us in diatingnialun^ 
what is operated by the nature of body itself, tnm 
that which otiier bodies are citable of openttiv 
iqmnit. 

Let a body then be alone, and at rest ; it may be 
asked. Will it continue at rest, or wtU it begin to 
move * As there is no reason which should indins 
it to move to one side rather than to another, it is 
cODchided that it would remain always at reat. The 
same thii^ must happen on the supposition of the 
existence of other bodies, provided they do not act 
on the body in question ; hence results this toaim- 
mental law : When a body it one* m a tlate of rttt, 
■n^ notkng eitemid acta upon it, it unit nminn iijkiiyi 
in liat ttate : and if it begin to move, the eouw q^ «m. 
film would be out of it, to thai there it notUng in Ik 
body iltetf lehUk it capabU of putting it in tnMim. 
When, therefore, we see a body which baa been at 
rest begin to move, we may rest asnired that tkn 
motion has been occasioaea by ia exterior power, 
u there is nothing in tbo body itself ctftable of put- 
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ting it in motion ; and if it were alone, and cnt off 
from all comtnunication with other bodies, it would 
remain always at rest. 

However weU founded thin law may be, and how- 
ever entitled to rank with ^ometrical truths, there 
are persons little accustomed lo profound investiga- 
tion who pretend tha.t it is contradicted by expe- 
rience. Theyallege the example of a thread to which 
a stone is appended ; the stone is at rest, bat faUs 
the moment that the thread is cut. It is certain, 
say they, that the action by which the thread is cut 
is not capable of making the stone move ; the atone, 
therefore, must fall by a power which is proper to 
itself, and internal. 

The fact is certain ; but it ia evident, at the same 
time, that gravity la the cause of the descent, and 
not lui internal power in the atone. 

They say, further, that gravity may be an intrinmc 
power, attached to the nature of the stone; on 
which it must be remarked, that gravity ia produced 
either by a subtile matter or by the attraction of the 
earth. In the Brst case, it certainly is that subtile 
matter which causes the descent of the stone; in 
the second, which appears favourable to our oppo~ 
nents, it can with no propriety be affirmed that the 
atone descends by an intrinsic power; it is rather 
the earth which contains the cause of it, and which 
produces (he descent of the stone by its attractive 
power; forif the earthdid not exist, or were deprived 
of its attractive power, they admit that the stone 
would not descend. 

It is certain, therefore, that the cause of the de- 
scent does not reside in the stone itself: the cause 
then is always extrinsic, whether it be in the subtile 
matter or in the earth, supposing it to be endowed 
with an attractive power, as the partisans of attrso- 
tion pretend. This difficulty being removed, the law 
which I have laid down subsists in mil force — namely, 
that a body, once at rest, will ahrsya remain to, uh' 

Vot. I.— X 
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less it be put in rootion bj some foreign cinae. Thii 
law muBt take place, provided the body has been al 
rest but a single instant, though it was in motion im- 
mediately before ; and when once reduced to a atat* 
of test, it will always preserre that state, nnleas some 
(bteign cause intervene to put it again in motioo. 
lliis principle being the foundation of all mechanics, 
it was necessary for me to establish it with all pos- 
sible preciaion. 
38(1 October, 1760. 



LETTER LXXII. 
Of Vmfonn, Accelerated, and Retarded Motion. 

I arrcM to the case of a body placed in such a 
manner as to have no connexion with any other. 
Let OS suppose it to hare recsired some motion, 1 
fVom whateTer cause ; it remains that we inqidra, 
What will afterward happen to it ! Will it continic 
to move* or will it auddeoly return to a stale tA 
rest ; or after some time ! You mnst b« seiuMe, 
that this is an inquiry of some importance, and Unl . 
all our researches reapeeting the motion of bodiea ! 
depend upon it. Let us examine if, by means of i 
reasoning, we are able to resolve it. i 

A body is at rest as long as it and all its paiti I 
remain in the same place ; and it is in motion wheB I 
that body, or some of its parts only, pass from oat I 
place to another. Now, there are two things to b« I 
considered in motion, the direction and the velocitr. ' 
The direction is the place towards which the bot^ 
is carried, and the Telocity is the space, greater or 
less, thronsh which it moves in a certain time. I 
am persuaded yon have alreadv juster ideas of thit 
tirnn I conld communicate by tne most ample expli- 
nation. I remaric only, that as long as a body pn- 
servei the same direction, it moves in « straight um ' 
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— and reci[»Y>ca]l7, aa long w a bod}r moreB in a 

straight line, it preserves the aame dirMtion; but 

■ when it move* in a curve, it is continually changing 

its position. 

If abodjr.then, J^. Se,noTe8inthe curreABC; 

Fig. at. 




when it is at A, its direction is the small line A m ; 
when it is al B, its direction is the small line B j; 
and at C, the small line C c. Let these small lines 
be produced; the continuations of which are marked 
b^ the straight dotted lines A L, B M, C N; and it 
will be sffimied, that when the body passes through 
A, its direction is the straight line A L, because, if 
the body pTeserred the same direction which it had 
at A, it wouM move in the straight line A L, It ia 
evident, then, that it moves in tne curve only in bo 
far as it is continually changing its direction. And 
when it arrives at B and at C, the direction from 
which it deviates is expressed by the straight lines 
B M and C N. 

A body preserves the same velocity in its motion 
as long as it moves throuKh equal spaces in equal 
times. This motion is called um/orm. Thus, for 
exwnple, if a body moves in such a manner as always 
to proceed ten feet during every second, we call this 
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motion nnifonii. If anotlwr fiodr proceeds tweot; 
feet in a second, its motion too woold be unifonn, 
but its Telocity would be twice as gieal as tbit of 
the preceding. 

From wbat I bave Joat aaid of the unifonnitT of 
motion, it is easy to comprehend what is not unimrin 
motion ; foi when the Telocity of a body is not eqnai, 
its motion ia not nniform. When the velocity of a 
body goes on increasing, its motion is said to be 
accderaled; and when it is continually diminiahiit^, 
we say it ia retarded. In this last case, the velority 
mav come to be retarded to a'ich a decree that the 
bodv shall at lengrth come to a state or rest. 

Having made these remarks on the velocity and 
direction of moving bodies, I return to the case of a 
solitary body, which I suppose to be put in motion 
by any cause whatevei. As soon as it has begun to 
move, it roust have acquired a certain direction, and 
a certain velocity ; and the question is, Win it after- 
ward preserve the same direction and the same 
Telocity ; or will it undergo some alteration 1 We 
cannot affirm that it will t)e reduced to a state of rest 
in an instant, for in this case it could not have bad 
any motion, all motion supposing dura titm, however 
short. Now, as long as tne motion lasts, it is cer- 
tain that the direction will remain the same. 

In truth, it is impossible to conceive why the body 
should go out of its road, to one side rather than to 
another; and as nothing comes to pass without rea- 
sos, it follows that the body in question will always 
peraevere in the same direction, or that its motion 
will proceed in a straight lino, which is a great step 
made towards the decision of the question. 

It is liliewise maintained that the velocity of the 
body of which I speak cannot change, for in that 
case it must either increase or diminish; and no 
reason can be assigned capable of producine this 
change. Hence it is concluded, that this bot^ will 
always continue to move with the same velocity. 
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find iD the same direction, or that it will proceed 
eoDtinually iii^the direction of a straight line, with- 
out erer dcTiatin^ from it, and alwavs wfth equal 
«peed. Tliis motioa will be perTonnea, then, always 
in a Blrmght line, and with an equal velocity, without 
over being slackened or retarded ; the body, there- 
fore, will never he reduced to a state of rest. 

What has been said of a body, which I have sup- 
posed solitary, would happen in like manner to onr 
^lobe, if no other bodies had any influence upon it; 
for then it would be the same thing aa if they did not 
exist. The question, then, is resolved. A body in 
motion will always preserve it in the same direction, 
and with the same velocity, imleaa some external 
caaae inlerposi; capable of alterirur its motion. So 
long, thercrore, as a body is not subject to the action 
of some external cause, it will remain at rest, if it 
hM once been in a staff of reH r or will be moved 
in the direction of a straight iine, and always with 
the Hsinie velocity, if it has once been put in motion ; 
and this is the first and principal law of nature, on 
which the whole science of motion mUBt be founded. 

Pram it we deduce at once this conclusion, that as 
often as we aee a body which was at rest put in 
motion, or a body moving in a curve line, or whose 
Telocity changes, it ia certain that an external cause 
acts upon it. No change can possibly take place 
either as to direction or velocity, but what is the 
operation of a foreign caose. 

Ul Pfanemba; I7M. 



LETTER LXXIII. 

Principal Lam of Motion and Rest. Bitjmtet of Phi- 
lotopherM on tkt Su^ect. 

WrrH whatever "olidity this principle ia nstab- 
lished, that erery body put io motioa oontinuw lo 
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move in the same direction, and with the same re^ 
locity, imlesR some exterior cause interpose td de- 
range this motion — it baa nevertheless been com- 
' bated by certain philosophers, who have never niaile 
tny great progress in the science of motion ; while 
those to whom we are indebted for all the ^at 
ctiscoveriea which have been made in this science 
tmanimoiisty agree, that all their researches have 
proceeded entirely on this principle. It is Bttacke<1 
by two sects of philosophers, whose objections I 
proceed to propose, and shall endeavour to refute. 

It is alleged by the one, That all bodies have a 
propensity to rest, which is their natural state, and 
that motion is to them a state of violence ; so that 
when a body is put in motion, it has a tendency from 
4ts very nature to return to the state of rest ; and 
that it makes every effort to destroy its motion, in- 
' dependenlly of every external or foreign cause. 
They allege, in proof, esporience so convincing, 
according to them, that we know of no motion in 
nature that does not very sensibly betray this reluc- 
tance. Do wenotaee,Bay they, on the billiard-table, 
that with whatever force we strike a ball, its motion 
19 quickly slackened, and it soon returns to a state 
of rest. As soon as the motion of a clock ceases to 
bekept up by the external force which set it a-going, 
it stops. It is remarked of all machines in guneral, 
that their motion lasts no longer than the external 
powers by which they are agitated. Hence they 
conclude, that a body put in motion is so far from 
preserving it from any thing in its own nature, that, 
on the contrary, an external force must be employed 
to keep it up. 

You must be sensible, that if this conclusion is just, 
OUT principle is completely subverted ; as, in virtue 
of this principle, the ball and the machines in ques- 
tion, once put in motion, must always preserve the 
same, unless external causes haie occasioned some 
change in it. Thus, in the experimanla referred to. 
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liafl tiiere been no external cause «iiicb tended to 
destro^r ^o motion, we should have been under the 
necessity of abandoning our principle. 

But it we attend to every thing, we ehall flod so 
y obstacles opposed to uie motion, that we need 
__. fonffer wonder it should be so speedily extitt- 
fuished. In fact, it is first the friction on the billiard- 
table which diminishes the motiou of the ball, for it 
cannot advance without rubbing against the doth. 
Again, the air, being a substance, ctuisea likewise a 
resistance capable of diminishing the motion of 
bodies. To be convinced of this, you have only 
to move your hand rapidly through the air. It is 
evident, then, that in the case of the billiard-table, 
it is the friction and the resistance of the air which 
counteract the motion of the ball, and soon reduce 
it to a a^te of rest. 

,Now, these causes are eztemal, aod it ia easily 
compreheneiblc, that but for tbese obetacles the 
niotioB of the ball must have always continued. 3%e 
same reasoning is applicable to machines «f all 
kinds, in which the friction which acta on the dif- 
ferent parts is 00 considerable, that it is visibly a 
very aufficiant cause of soon reducing the macbiae 

Having, then, discovered the real canses which 
produce, in the cases alleged, the extinction of mo- 
tion, and that these causes are external, and not re- 
wdent in the moving body, it is evidently false, that 
bodies have in theirnature a propensiwto rest. Our 
principle, therefore, subsists in full force, and even 
acquires additional strength from tbe preceding ob- 
jections. Every body, then, always preserves the 
jDOtioD which it has once received, uidess foreign 
causes interpose to change tbe direction, or the velo- 
city, or both at once. And thus we hBve got rid of 
one pt^anx of the adversaries who combat our prin- 

The other is more foimidaUe, for tbey are no less 
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than the celebrated Wolffian philosophers. They do 
iiot indeed openly declare against our principle, dbt 
they even express much respect for il ; but they ad- 
vance otbere which directly oppose it. 

They maintain, that all bodies, in virtue of their 
nature, are making: continual efforts to change their 
etate ; that is, when they are at rest, they make an 
effort to move; and, if tneyare in motion, make con- 
tinual efforts to chan^ their velocity and direction. 
They allege nothing in proof of this assertion, except 
certain crude reasonings, drawn from their system of 
metaphysics, which 1 shall hereaHer take occasion to 
lay before you. I only remark, at present, that this 
flpinion is contradict^ by the principle which we 
have BO firmly established ; and by experience, which 
is in perfect conformity with it. 

In fact, if it be true that a body at rest remains, 
in virtue of its nature, in that state, it must be un- 
doubtedly false that it should make, in virtue of ita 
nature, continual efTorle tu change its state. And if 
it be true that a body in motion preserves, in virtue 
of its nature, this motion, in tbe same direction, and 
with the same velocity, it is impossible that the same 
body should, in virtue of its nature, be making con- 
tinual efforts to change its motion. 

These philosophers, in attempting to maintain, at 
the same tin)e, the true principle of motion, and iheii 
own absurd opinion, have fallen into self-contradic- 
lion, and thereby subverted their own system. It it 
therefore placed beyond the reach of dispute, that 
our princiide is founded in the very nature of body, 
and that whatever is contrary to it ought to be 
banished from sound philosophy : and this same prin- 
ciple enables us to clear it of certain stibtilties in 
which it has been involved. 

This principle is commonly expressed in the two 

/ollowuig propositions; First, A body once ml rut 

_aiiU Ttmain itemaUy at rett, i/n/eii Ubtmtin tnotwn In 

'^Mm*aeUmaorfi>mgnea>ut: Secondly, J. iorfy (w« 
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titm, tuidwUh M 
vmform motion, m a itraighl line, unlw it if disturbed 
by tonutxtemal or foreign cause. la tbetetwo propo- 
sitions consiaU Ue foundation of the whole scienc* 
of motion called meclumict. 
ith NttxmhtT, 178fl. 



LETTER LXXIV. 

C^ Ot Imrtim of Bodiei : Of Pamen. 

Aa we say that a body, bo long aa it is at rest, lo- 
maina in the Bame state, so we likewise say of a 
body in motion, that as long as it moves in the same 
direction, and with the same velocKy, it remains in 
the same state. To continue in the same state, then, 
signiAes nothing more than to remain at rest, or to 
preserve the same motioa. 

This manner of speaking has been introduced for 
the purpose of expressino; more succinctly our grand 
principle, that every body, in virtue of its nature, 
preserves itself in the same state till an extraneous 
cause come to disturb it — that is, to put the body tD 
motion when at rest, or to derange its motion. 

It must not be imagine'l that a body, in order to 
preserve the same state, must remain in the same 
place ; this, indeed, is the pase when the body is at 
rest 1 but when it moves ^vith the same velocity, and 
in the same direction, we say, equally, that it con- 
tinues in the same state, tlioiigh it is every instant 
changing its place. It was necessary to make this 
remark, to prevent the possibility of confounding 
change Of place with that of state. If it be now 
askeo. Why bodies contiriiie in the same state ! th« 
answer must be, that this is in virtue of their pecu- 
liar nature. J 

Alt bodissf in u far as they are composed of mat- 
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ter, have the property of remaining in the aamt 
atate, if they are not drawn out of it by some exter- 
nal causo. This, thm, la a property fuimded on 
the nature of bodies, by which thoy endeaTOnr to 
pTeaerve themselvea in the same stale, wfanther of 



truTfui, and it enters as necessarily into their coosti- 
tutioti as extension and impenetrabihty — to such a 
def^e, that it would be impoEsitde for a body to 
exist, divested of this intrHa. 

This term was first introduced into philosopfay by 
those who maintained that all bodies have a propen- 
6ity to rest. They considered bodies as somewhat 
lesembUnK indolent persons, who prefer rest to ex- 
ertion, and ascribed to bodies an aversion to motjx^ 
similar to that which alui^garda have for labour ; the 
term inertia signifying nearly the same thitig as slug- 

E'shness. But though the falseness of this opinion 
18 been since detected, and though it is certain that 
bodies remain equally in their state of motion as in 
that of rest, yei the term inertia has been still re- 
tained, to denote in general the properly of all bodies 
to continue in the same state, whether of rest or ot ' 
motion. 

The exact idea of tturtia, therefore, is r repog;- 
nance to every thing that luts a tendency to ctaanp 
the state of bodies ^ for as a body, in virtue of ib 
nature, preserves the sanie state of motion, or of t«Et, 
and cannot be drawn out of it but by external cs.usts, 
it follows, that in order to a body's chtinging iti 
state, it must be forced out of it by some external 
cause ; without which it would always continne in 
the same atate. Hence it is that we give to this 
external cause the name of power or foret. It ii a 
term in common use, though many by whom it it 
employed have but a very imperfect idea of it. 

From what I have just said, you will see that the 
word forte aifpubtse every thing that is c^iable of 
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changing the state of bodies. Thus, wbsn a boiy 
which has been at rest is put in motion, it is a (otc» 
which produces this effect; and when a body in mo- 
tion changes its direction, or velocity, it ia likewise 
a force which produces thia change. Every change 
of direction, or of velocity, in the motion of a body, 
requires either an increase or a diminution of force. 
Such force, therefore, is always out of the body 
whose state is changed ; for we have seen, that a 
body left to itself preserves always the same state, 
unless a force from without acts upon it. 

Now, the inertia by which a body tend»to preserve 
itself in the same state exists in the body itself, and 
is an essential property of it; when, therefore, ait 
external force changes the slate of any tiody, the 
itteriia which would maintain it in the same state 
opposes itself to the action of that force ; and bencs 
we comprehend, that the inertia is a quality suscep- 
tible of measurement, or that the tnerfia of one 
body may be greater or less than that of another 
body. 

But bodies are emlowed with this inertia in as far 
as they contain matter. It is even by the inertia, 
or the resistance which they oppose to every change 
of state, that we judge of the quantity of a body ; 
mertia of a body, accordingly, is greater in propor- 
tion to the quantity of matter which it contains. 
Hence we conclude, that it requires a greater force 
to change the state of a great Dody, than that of a 
small one ; and we go on to conclude, that the great 
body contains more matter than the small one. It 
may even be affirmed that this single circumstance, 
the inertia, renders matter sensible to us. 

It is evident, then, that the inertia is susceptible 
of measm«ment, and that is the same with the 
quantity of matter which a body contains ; aa we de- 
nominate likewise the quantity of matter in a body 
its maas, the measure of the inertia ia the same as 
that of the omm. 



To this, then, » rnlnced oui knowledge of bodjet 
in general. First, we know that all homes have u 
extension of three dimensions ; secondly, that tbej 
are impenetrable ; and hence results their general 
property, known hy the name of irterlia, by which 
they preserve themselves in their state ; that is, 
when a body is at rest, by its intrtiit it remaiBB so ; 
and when it la in motion, it is liliewise by its tiurtM 
that it continues to move with the same velocity, 
and. in the same direction; and this preservation of 
the same state lasts till some external cause inler- 
poae to produce change in it. Aa often as the state 
of a body changes, we must never look for the cauM 
of such change in the body itself; it exists always 
out of the body, and this is the just idea whicii we 
Must form of a power or force. 

aa Noeemltr, 1760. 
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CKcMga wAicA may take place in the Slate &f BtUt*. 

tv* fundamental principle of mechanics, with the 
idea of inertia which I have endeavoured to exptaii^ 
enables us to reason on solid ground respecting fv 
rious phenomena presented to us in nature. Ob 
seeing a body in motion, which should (voceetl imi. 
formly in a straight line, that is, which ahould pi^ 
serve the same direction, and the same velocity, 
we would say, that the cause of this continoation irf 
motion is not to be found out of the body, but that 
it is founded in its very nature, and that, in virtna 
of its vnertui, it remains alwavs in the same state ; 
as we would say, were the body at rest, thmli this 
took place in virtue of its inertia. 

We would likewise be right in saying that this 
body undergoes no action from any sxtenial G«»e ; 
or, if any soch ezitted, that tkese pcnnn i«apra> 
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eally desboyed each other in such a manner that 
the Dody is in the stale in which it vronld be if no 
force acted upon it. 

If it is asked, then, Why the body continues to 
move in this manner! the answer ia obrions. But 
if it*iH asked, Why this body has begun thus to 
move! the question is totally different. It must 
be said, that this motion has been impressed'upon it 
by some external force, if it was before at rest ; but 
It would be impossible to affltm any thing with cer- 
tainty respecting the quantity of that force, because) 
perhaps, no traces of it remain. It is therefore abun- 
dantly ridiculous to ask. Who impressed motion 
on every body at the beginning of the world ( mt, 
Who was the prime mover! Those who put the 
question admit, then, a beginning, and consequently 
a creation ; but they imagine that God- created all 
bodies at rest. Now, it may be answered, That he 
who could create bodies could impress motion upon 
them. 1 ask them in my turn, if they believe it to 
be more easy to create a body at rest than in mo- 
tion ! They both equally require the omnipotence 
of 6od ; and this question belongs not to the province 
of philosophy. 

But when a body has once received motion, it 
preserves that motion by its own nature, or by its 
ttUTtia, in the same slate m which it must constantly 
remain^ until a force, or some foreign -came, oppose 
an obstacle to it. As often, tlien, as we observe that 
a body does not remain in the same state, that t 
body at rest begins to move, or that a body in mO 
tion changes its direction or velocity,, we must 
admit that this change has its cause out of the body, 
and that it is occasioned by a foreign foroe. Thus, 
as a slooe lefl to itself descends, the cause of that 
descent is roreign to the body ; and it is not from iti 
own nature that the body descends, but from the et- 
feet of a foreign cause, to which wo giro tb* nuB* 



otgravit]/. 
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Gravity, then, is Dot an intrinsic property of body; 
it is rather the effect of a foreigti force, the Bource 
of which must be Bought for out of the body." This 
is g^Dietrically true, though we luiow not the foreign 
forces which occasion gravity. It is the same whea 
we throw a atone. W« see clearly that it doM not 
follow in its motion the direction of a straight line, 
and that its velocity does not always coittinne ttte 
same. It is gravity, likewise, which changes the 
direction of the velocity of the body ; but for it, tha 
stone would describe a straight line in the air, and 
proceed forward with the same velocity ; . aikd weia 
gravity to be suddenly annihilated during the motion 
of the stone, it would continue to move m a straigU 
Kne, and would preserve the same direction, and the 
same velocity wnich it had at the instant when grav- 
ity ceased to act upon it. 

But as gravity acts continually, and upon all bodies 
we need not be surprised that we meet with no mo- 
tion in which the direction and the velocity continiw 
the same. The case of rest may very well lake 
place ; it is when something invincibly opposes the 
fall of a body ; thus, the floor of my apiartaieDt m- 
vents my falling into that below it. liut the bodies 
which t^ijpear to us at rest are carried along by the | 
motion of the earth, which is neither rectilinear nor 
uniform : it cannot be affirmed, therefore, that these 
bodies remain in the same state. Neither ia thsi« 

' m»miiiluu towBbmmiiwrforjTltem.niilwilHi milior— ' 
u implii, ibu hj Mitiai fM Lbi uue* of (rtftlrint cT rlit b^, 
:^^^y " "■ ■*? -'"-■' '?«.c™«- The NswioniiB ,^^ 

bin (IM lUauiMa inotsd ttamuli m iiStvi i nnniea la id- 
-Am.Ml 
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one of the heavenly bo<)ieB which moves in a straight 
line, and always with the same velocity ; they are 
continually changing their state : and even the foices 
which produce this continual change are not un- 
known lo us i they are the attractive powers which 
the heavenly bodiea exercise over one another, 

I have already remained that these forces may 
very probably be caused by the subtile matter which 
Burrounds all the heavenly bodies, and fills the 
whole apace of the heavens ; but, according to the 
opinion of those who consider attraction as a power 
inherent in matter, this force is always foreign to 
the body on which it acts. Thua, when we say the 
earth is attracted towards the sun, it is acknow- 
ledged that the force which acta upon the earth is 
not resident in the earth itself, but in the sun ; aa, in 
fact, if the sun did not exist there would be no such 

This opinion, however, that attraction is essential 
. to all matter, is subject to so many other inconve- 
niences, that it is hardly possible to allow it a place 
in a rational philosophy. It is certainly much safer 
to proceed on the idea, that what is called attrac- 
tion is a powercontained in the subtile matter which 
^1b the whole space of the heavens ; though we 
cannot tell how.f We must accustom ourselves to 
acknowledge our ignorance on a variety of other 
important si^jects. 
llth IfovenOer, 1760. 
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System of tht MonatU of W/ilff. 

Befokb.I atlempt to make you ECnsible of the 
tnitb of the priociple, that all bodies of Ihemselveg 
(dway« preserve the same slate of rest or motion, I 
niUBt remark, that if we coneult experience only OD 
the subject, without thoroughly investigating it by 
the powers of reasoning, we would be diajxjsed to 
draw the directly opposite conclusion, and to main- 
tain, that bodies always have a propensity to be con- 
tinually changing their state ; as we see nothing in 
the. whole universe but a perpetual change in the 
state of bodies. But we have Just shown what ai« 
the causes which produce these changes,-and we 
are assured, that they are not to be found in the 
l^MJies whose state is clianeed, but out of them. 

The principle, then, whit-h we have established is 
M far from being contradicted by experience, that it 
is, on the contrary, conRrmed by it. You wiU easily 
Judge from this, how several great philosopher*, 
misled by an. experience not accurately uoderstood, 
have raUei) into the error of maintaining that all 
bodies gre endowed with powers disposing thea 
continually to change their stale. 
. It is thus that Wolff has reasoned. He says, 1. 
Eiperienco shows us all bodies perpetually changing 
their slate'; S. Whatever is capable of changing the 
state of bodies is called force ; 3. AU bodies, there- 
fore, are endowed with a force capable of changirg 
their state ; 4. Every body, therefore, is making a 
continual effort to change ; 5. Now, this force be- 
longs to body only 'so far as it contains matter; B^ 
It is therefore a property of matter to be cominuaUy 
chaoEing its own state ; 7. Matter is a compound of 
a nuutttude of parta, denominated the elements of 




matter i therefore, 8. As the c 









elementa, every elementary part must be endowed 
with the power of changing its own Btate. 

These elements are simple beings ; for if they 
were composed of parts, they would be no longer 
elements, but their parts would be so/ Now, a 
simple being is Ukewjae denominated monad ; every 
monad, therefore, has the power of continually 
chan^ng its state. Such is the foundation of the 
system of monads, which you may have heard men- 
tioned, though it does not now make such a noise 
as it formerty did. I have marked by figures thd 
several propositions on which it is established, -for 
the purpose of making a more distinct reference, in 
the reflections J mean to make upon them. 

I have nothing to say respecting the first and sec- 
ond ; but the third is very equivocal, and dltof^ther 
false, in the sense in which it is taken. Without 
meaning to say that the forces whicli change the 
state of bodies proceed from some spirit, 1 readily 
agree that the force by which the state of ""ery body 
is chajiged subsists in body, but it being in- 

dersiood that it subsists in another bod 
in that which undergoes the change of " 

has rather the contrary quaLty, t&it 01^ 
in the same state. In so far, then, as tne8eiui<:.~ 
subsist in bodies, it ought to be said that these 
bodies, as long as tbey have certain connexions with' 
each other, may be- capable of supplying forces by 
which the state of another body is changed. It fol- 
lows, that the fourth proposition must be absolutely 
false; and fbe result, from all that went before, 
rather is, that everybody is endowed with the power' 
of remaining in the same state, which is directly the 
opposite of the conclusion which these philosophers 
have drawn. 

And I must here remark, that it is rather absurd 
to give the name of font t« that quahty of bodies- 

yg 
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by wliich they reroam in their state ; for iT w« an 
to underaumd by the term force every thing that is 
capable ot changing the stale of bodies, the quality 
by which they persevere in their state is rather the 
apposite of a force. It is therefore by an abuse of 
language that certain authors give the nange of force 
to ibe ineriia, which is that quality, and which they 
denominate the inert force. 

But, not to wrangle about terms, though this abuse 
may lead to very gross errors, I return to the sys- 
teiD of monads ; and as proposition 4 is false, those 
thai follow, which are successively founded upon it, 
must of necessity be so too. It is false then, like- 
wise, that the elements of matter, or monads, if such 



the opposite quahty, that of persevering in the s: 
state: and thereby the whole system of ^monads is 
connpleiely subverted. 

These philosophers attempted to reduce the ele- 
raenlB of matter to the class of heinga which conipr»- 
honds^Bpirits and souls, endowed, beyond the power 
of contradiction, with the faculty of changing their 
siai'c; for, while I am writing, my soul continually 
represents other objects to itself, and these changes 
depeiid entirely on my will ; I am thoroughly con- 
Tinceil of it, and not the less so that I am master 
of my ovpn thoughts; whereas the changes which 
takii place in bodies are the effect of an extraneous 
fore c. 

AlU to this, the infinite dilTercnce between the 
state of body capable only of one velocity and of 
one d irection, and the thoughts of spirit, and you 
will bii entirely convinced of the falsehood of the 
sentiou wts of (he materialists, who pretend that 
■pirit is only a modification of matter. These geo- 
tlenien i 'lave no knowledge of the real nature of 
bodies. 
. \(ah No, tmber, 1760. 
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. LETTEB LXXVIl. 

Origin attd Natvrt ofPoieert. 

Ix is undoubtedly very suipitBing, that if every 
body hu a naUiral diqpOBitioii to preserve itself in 
the same state, and evea to oppose all chiinge, all 
the bodies in the univerBo should nevertheless be 
coDtinuBlly changiog; their atate. We are well as- 
sured, that this change can bo produced only by a 
force not resident In the body whose state is changed. 
Where, then, must we look for those powers which 
produca the incessant changes that lake place in all 
the bodies of the univeree ; and which are, neverthe- 
less, foreign to body ? 

MuHt we then suppose, besides these existing 
bodies, particular beings which contain those pow- 
ers ! or, are the powers themselves particular sub- 
stances existing in the world 1 We know but of two 
kindu of beings in it, the one which comprehends all 
bodies, add the other all intellectual beings, namely, 
the spirits and souls of men, and those of animals. 
Must we establish, then, in the world, besides body 
and spirits, a third species of beings, under the name 
of power or force? or are they spirits which inces- 
santly change the state of bodies * 

Both of these labour under too many difficulties 
to be hastily adopted. Though it cannot be denie4 
that the aoula of men and of beasts have the power 
of producing changes in their bodies, it were, how- 
ever, absurd to maintain that the motion of a ball on 
the billiard-table was retarded and destroyed by some 
spirit i or that gravity was produced by a spirit con- 
tinually preaAng bodies downward i and that tbe 
heavenly bodiea, which, in their motim, change both 
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direction and velocity, were subjected to the actim 
of spirits, according to the system of certain an- 
cient philosophera, who assigoed to each of tl»e I 
beaTenly bodies a spirit, or angel, who directed it% 

Now, on ressonin^ with solidity respecting the 
phenomena of the imiTorse, it mu»t be admitted that 
if we except animated bodies, that is, thoae of men 
and beasts, erery change of state which befalls other 
bodies is produced by merely corporeal canaes, in 
which spints have no share. The whole qneetion, 
then, is reduced to this. Whether the forces which 
change the state of bodies exist sepsrttely.andcon- 
stitute a particular species of beings, or whether 
they exist in the bodies ! 

This last opinion appears at first si^ very unac- 
countable ; for if all bodies have the power of pn- 
serving themselves in the same state, how can it be 
possible they should contain powers that havo a 
tendency to change it 1 Yon will not be Biirprieed to 
bear that the origin of force hss, in sll ages, been a 
stumbling-block to philosophers. They hare aQ 
considered it as the greatest mystery in nature, and 
as likely to remain for ever impenetrable. I hope, 
however, 1 shall be able to present tou with a Bon- 
tion of this pretended mystery, so clesr that all the 
difficulties which have hitherto appeared insur- 
mountable will wholly vanish. 

I say, then, that however strange it may ajqiesr, 
this faculty of bodies, by which they are disposed to 
preserve themselves in the same state, is c^taUe 
of sup[dyingp powers which may change that of 
others. I do not say that a body ever changes it* 
own state, but that it may become capable of chang- 
ing thai of another. In order to enable yon to get 
to the bottom of this mystery respecting the origia 
of force, it will be sufficieiit to consider two bodies, 
u if DO others existed. 
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L«t the ' body A, fHg. 33, be at reat, and let the 
bodyB have received amotion in the directions A, 
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with a certain Telocity. This being laid down, ihe 
body A is disposed to continue dwaya at reat; and 
the body B to continue its motion alon^ the straight 
line B A, always with the same velocity, and both 
the one and the other in virtue of its ineriia. The 
body U will at length then come to touch the body A. 
^Vli;itwill betheconsequencel Aslongasthel>oayA 
remains -at real, the body B could not continue its 
motion without passing through the body A, that is, 
without penetrating it ; it is impossible, then, thai 
each body should preserve itself in its state, without 
the one's penetrating the other. But this penetra- 
tion is impossible ; impenetrability being a property 
common to all bodies, 

It being impossible, then, that both the one and 
the other should preserve its state, the body A must 
alwolutely begin to move, to make way for the body 
B, that ii mqy continue its motion: or, that the 
body B, having come close to the body A, must have 
its motion destroyed ; or, Itie state of both must be « 
changed, as much as is necessary to fut them in a 
condition to continue afterward each in hia proper 
state, without mutual penetration. 

Either the One body, therefore, or the other, or 
both, must absolutely undergo a change of their 
Ktnte, and the cause of this change infallibly ezisia 
in the impenetrability of (be bodies themselves ; 
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since everv cause capable of ohttnging the state of 
bodies ja aenominated force, it is then, of nece» 
sitf, ibfi impenetrability of the bodies themselvM 
whicb DTOduGea the force by which this change i> 
effectea. 

In fact, aa impenetrability iRi[dies the impossibil- 
ity that bodies should mutaally penetrate, each of 
them oppOBes itself to all penetratidb, even in the 
minutest parts ; and to oppose itself to penetratioB 
is nothing else but to exert the force necessary to 
prevent it. As often, then, aa two or more bodiea 
cannot preserve themselves in their state without 
mutual penetration, their impenetrability always ex- 
erts the force necessary to change it, as far as ii 
lequlaite, to prevent the slightest degree of feac- 
tration. 

The impenetrabihty of bodies, therefore, contaios 
the real origin of the forcesj which are continually 
changing their state in this world ', and this is the 
tnie solution of the great mystery which has per- 
plexed philosophers so grievoualy. 

m/i November, 1760. 
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YoD have now made very considerable progiest 
* in the knowledge of nature, from the explanation o( 
the real origin of the powers capable of changing tbc 
state of bodies ; and you are at present in a con- 
dition to comprehend easily why all those of tto 
world are subject to an incessant change of state, 
from rest to motion, or from motion to reat. 

First, .we are certain that the world is filled with 
matter. Here below, it is erident that the space 
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which separates the gross bodies sensible to feel- 
ing, is occupied by the air, and that when we make 
a vacuum in any space the ether instantly suc- 
ceeds, and it likewise fills the space in which the 
heavenly bodies move. All space • being thus fuU, 
it is impossible that a body in motion should con- 
tinue it a single instant without meeting others, 
through which it must pass if they were not impene- 
trable. And as this impenetrability of bodies ex- 
erts always and universally a force which prevents 
all penetration, it is not at all surprising, then, that 
we should observe perpetual changes in the state of 
bodies, though every one has a tendency to preserve 
itself in the same state. 

If they could penetrate each other freely, nothing 
would^prevent any one from remaiiiingperseveringly 
in its state ; but being impenetrable, there must 
thence necessarily result force sufficient to prevent 
all penetration ; and no more results than what is 
precisely needful. 

While they can continue in the same state, with- 
out any injury to impenetrability, they then exert 
no force, and bodies remain in their state ; it is only 
fo prevent penetration that impenetrability becomes 
active, and supplies s( force sufficient to oppose it. 
When, thereforcf, a small force suffices to prevent 
penetration, impenetrability exerts that and no 
more ; but when a great force is necessary for this 
purpose, impenetrability is ever in a condition to 
supply it. 

Thus, though impenetrabitity suppUes these pow-i 
era, it is impossible to say that it is endowed with a 
determinate force ; it is rather in a condition to sup- 
ply all kinds of force^ great or small, according to 
circumstances ; it is even an inexhaustible source 
of them. As long as bodies are endowed with im- 
penetrability, this is a source which cannot be dried 
up ; this force absolutely must be exerted, or bodies 
must mutually penetrate, which is contrary to nature. 
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It ought likewise to be remarked, that this fotce 
ii never the etTect of Die Impenetrability of b single | 
body ; it results always from that of all bodiet i I 
oUce, for if one of the bodies was penetrable, tit ' 
penetration would take place, without any need ofi 
powerto effect a change in their state. Wbcn, thert- 
fore, two bodies come into contact, and when th«]' 
cannot continue in Iheir state without penetratiof 
each other, the impenelrabilily of both acts equally: . 
and it is by their joint operation that the force nec«- 
sary to prevent the penetration is supplied, we then 
Bay that they act upon each other, and that the force 
resulting from their impenetrabiiity produces thu 
effect. This force acts upon both of them ; for is 
they have a tendency towards mutual penetration, it 
repels both the one and the other, and thus prevenl* 
their penetration. i 

It is certain, then, thai bodies may act upon each 
other ; and we speak so frequently of this action, ai 
when two billiard balls clash, it is said the one acts 
upon the other, that you must be well acquainted 
with this mode of expression. But it must be care- 
fidly remarked, that, in general, bodies do not ad 
upon each other, but in so far .as their state becomes 
contrary to impenetrability; from whence results i 
force capable of changing it, precisely so much as is 
necessary to prevent any penetration ; bo thai ■ 
small force WOTild not have been sufficient to produce 
this eff^ect. 

It is very true, that a greater force would likewise 
prevent the penetration ; but when the change pro- 
duced in the state of bodies is sufficient to prevent 
mutual peijetration, the impenetrabihty acts no far- 
ther, and there results from it ihe least force that 
is capable of preventing the penetration. Siux, 
then, the force is the smallest, the effect which it 
prodacea, that is, the change of state which it op»- 
ratet, in order to prevent pehetration, will be [«d- 
portiooal; and, consequently, when two or moie 




BFICtBI or POWEKB. SOS 

bodm come into contact, so that no one cmld 
continue in its Btat« wtthoul penetrating the otiiere, 
a mutual action must take place, which hi always the 
■mallest that was capable of preventing penetration. 

Von will find here, Iherefore, beyotfi all expecta* 
lion, the foundatioa of the Bjalem of the laje Mr. 
it Maupertiai, so niDch cried up by some, and so no- 
lentlv attacked by others: His principle is, that of 
the feast possible action ; by which he means, that 
in all the chants which happen in nature, the cailse 
which produces them ii the least that can be. 

From the winner in which I have endeavoured to 
tuifold this princi[Je to you, it is evident that it is 
perfectly founded in the very nature of body, and 
that those who deny it are much in the wrong', 
though still less than those who would turn it into 
ndirme. Yon will already, perhapsihave remarked, 
that certain perscms, no great friends to Mr. de 
Maupertmi, tike every opportunity of laughing at 
the principle of the leiut postibie action, as weU as at 
the hole continued down to the centre of the earth ; 
hot fortunately, truth suffers nothing by ihelr ple»- 

SM JVoonnter, I7M. 



LETTER LXXIX. 

0>* the Question, Art Ihere any other Species of Pomtrtt 

Thb origin of powers, founded on the impenetra- 
bility of bodies, which I have been endeavouring to 
exptaiil, is by no means inconsistent with the opinion 
of those who maintain that the souls at men and 
thoee of beasts have the power of acting on their 
bodies. There is nothing to hinder the existence of 
two kinds of power, which produce all the changes 
that take place in the world ; the one corporeal, 
which derives ita origin from the impenetntnlity of 

Vet. I.— Z 



bodicB ; ani the other spuitnal, which the soiIb of 
anim^ Aiercise over their bodiea : tmt this last 
power operates only upon animated bodies ; and the 
Oreator has ao clearly dieti n gii i ahed it froni the 
other, that it is not permitted, in phlloaophr, toeon- 
foimd them. 

But this distinction greatly embarrasses tboee who 
cenaider attraction as an inherent quality or bodies; 
ly to maint 



mpenetrability, a 

case. Two distant bodies maypreserre < 
stale without at all interesting their imjMnetnbililjr, 
and without there being any reason of consequence 
why the one should act npon the other, eren by 
attracting it. 

Attraction, therefore, onght to be rsferred to a 
third species of power, which should neither becor- 
poreal nor spiritual. But it is always contrsry lo 
the rules of a rational philosophy, to introduce a new 
species of powers before their existence ieincontest- 
^y deraonatrated. It would have been necessary, 
therefore, for this effect, to have proved beyowl 
contradiction that the powers by wluch bodies mu- 
tually attract could not derive their origin from-the 
subtile matter which surrounds them ; but this im- 



the whole space of tbe beaveos with a subtile malter, 
' to give binn to these powers which icaptH bodies to- 
wards each other, conformably to the lawr before 
established respecting their impenetrability: 

In fact, the subtile .matter mi(;:htTeiy well have s 
motion, such as that a body in it shotdd not be aUe 
to prtiserve its state without being penetrated by Hi 
ana then this force must be derival as well from the 
impenetrability of the subtile matter as from that of 
the body itself. 

Wtire there a single case in the world in which 
two bodies attracted each other, while the interroe- 
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[i as no 'Boch case sxisU, we have c 
nawm to doubt, nay, even to reject it. We know, 
then, bat of two sources of all the powera which 
prodnce these changes, the jmpenetiaAility of body, 
and the action of spirit. * 

The disciples of Wolff reject likewise this law, wd 
maintain, that no spirit, or immaterial anbstance, can 
act npon a body ; and they are very much emblp- 
raraea when it is alleged, that, according to them, 
Ood luhiself, who is a spirit, coold not bavs th« 
power of acting upon bodies, which sa* ours strongly 
of atheism. They aire accordingl)' reduced to this 
feeble reply, that it is by in^fmiy God is able to act 
npon body ; but if it be imposaible for a spirit as a 
spirit to act upon a body, this impotence necessarily 
recoils on Ood himself. And who can deny that 
our soul acts npon our body ! I am to such a degree 
master of my members, that I can put them in action 
as I please. The same thing may be affirmed like- 
wise of the bnite creation ; uid as, according to the 
system of DetcarUt^ at which we hare good reason 
to smile, beasts are mere r machines, without any 
feeling, like a watch, as the Wolfflans would have it, 
men too are merely machines. 

These same philosophers, in their speculations, go 

bkewise so far as to deny the first species of pow~ 

- "ig. For I- ' ■ 



ers, of which they know nothing. 



r not being 



they boldly deny its action ; and maintain that all the 
changes which bafaU a body are produced by its, 
own powers. 

They are the philosophers whom I formerlv roen~ 
tinned, as denying the first principle of mechanics, 
respecting the preBerratioo of the same state, which 
is Boffieient to snbrert their whole system. The 
error into which they have fallen, as I nave already 
remarked, arises from their reasoning iaetmolasiTely' 
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Tespeoting the pbenomena which bodies pn&mt to 
nB^' Tbey concluded precipitately, from obearriiig 
ahnott aU bodies conlinDBlly changing their state, 
thit they contaiaed in thenueWes the poven by 
wliich they inceasantly exert themselves to chanm 
it, whereis theyoi^tlo ha»e drawn Ibe direcfly 
oppoiite conclusion. 

Jt is thus that, by consideiing objects in a super- 
liciid raannCE, we hurry into the grosseel errors. I 
tere already pointed out the defects of this reason- 
ing; but once fallen into error,1hoy have Bband<Hied 
themselves to the most absurd ideas. TUey first 
ascribed these internal powers to the primaiy ele- 
ments of matter, which, according to them, are con. 
tinual efforts to change their state ; and concluded 
from it, that all the changes lo which every element 
is subjected are produced by its own power, and that 
two elements, or simple beings, cannot set upon 
each other. This being laiddown, it was neceasaiy 
to divest spirits, as simple beings, of all power of 
acting upon body, excepting, however, the Supreme 
Being; and then, as bodies are composed of simids 
beings, they were under the necessitv of deaying 
also that bodies could act upon each other. 

It was in vain to object to them the case of bodies 
which impinge against one another, and the changa 
of their state which results from it. Obstinately 
prepossessed in favour of the solidity of their rea- 
stMiing,. they scorned to abandon it : they chose 
rather lo affirm, that every body, from its own na- 
ture, produces the change which befalls it, and that 
the collision has nothing lo do with it ; that it is a 

mere illusion which makes us believe the collision 
to be the cause of it ; and they go off in triumph at 

the sublimity of a philosophy so far beyoiM the 
comprehension of the vulgar. Yon are now in a 

condition to estimate it sccordiog to its real im* 

portance. 
3Uh Nemmber, 1700. 
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LETTER LXXX. 

Of the Nature of Spirits, 

I FLATTER iiiyself that you ar6 now convinced of 
the solidity of the reasonings on which I hare es- 
tablished the knowledge of bodies, and that of the 
powers which change the state of them. The whole 
Is founded on ex^riments the most decisive, and on 
principles dictated by reason. They inrolve no 
absurdity, nor are they contradicted by other prin- 
ciples equally certain. It is not long smce any suc- 
cessful progress was made in researches of this 
kind. Such strange ideas were formerly entertained 
respecting . the nature of bodies, that all kinds of 
powers were ascribed to them, of which some must 
necessarily destroy the others. 

Certain philosophers have even gone so far as to 
imagine that matter itself might be endowed with 
the faculty of thought. These gentlemen, known 
by the name of materialists^ maintain that our souls, 
and all spmts in general, are material ; or rather, 
they deny me existence of souls and spirits. But 
when'once we have got into the right road to the 
knowledge of bodies — ^the tn^/ui,by virtue of which 
they continue in their state — and trnpenetrabUUy, 
that quality by which they are subjected to powers 
capable of changing it— all those phantoms of pow- 
ers to which I alluded vanish away, and nothing ap- 
pears a more glaring absurdity than to affirm that 
mattei^ is capable of thought. To think, to Judge, 
to reason, to possess mental feeling, to reflect, smd 
will, are qualities incompatible with the nature' of 
bodies ; and beings invested with them must be of a 
different nature. Such are souls and spirits; and 
He who possesses those qualities in the highest de« 
gree is Gon. 

Z9 
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There is, then, an infinite difference between bodf 
and spirit. E^ttenBion.infrfui, and impenetrability — 
qualities which exclude all thought — are the proper- 
tiea of body ; but apirit ta endowed with the faculty 
of thinking, of judging, of reasoning, of feeling, of 
reflecting, of willing, or of detennimng in favour of 
one object preferably to another. 'Hiere is hH« 
neither extension, nor inertia,aoi impenetrability; 
these mateiial qualities are infinitely remote from 
spirit. 

It is asked, What is spirit 1 I acknowledge mj 
ignorance in respect of this; and I reply. That we 
cannot tell what it is, as we know notbing of the 
nature of spirit. 

But it is not the less certain that this world con- 
tains two kinds of beings ; beings corporeal or tiuilf- 
rial, and beini^s imnuilenal or spiritiul, whicb are of 
a nature entirely different, as they maidfest them- 
aelves to us by properties which have no relation lo 
each other. These two species of beings are, ne»et- 
theless,mos[intinMtelv united: and upon their union 
principally depend all the wonders of the world, 
which are the delight of intelligent beings, and IbmI 
them to glorify their Ckk*toh. 

It is certain that spirits constitute the principal 
part of the world, and that bodies are iatroduced 
into it merely to serve Ihera. For this reason it is 
that the souls of animals are in a union so intimati 
with their bodies. Not only do the souls percfiTe 
all the impressions made upon their bodies ; but they 
have the power of acting upon these bodies, and of 
producing in them corresponding changes ; and thus 
they exercise an active influence over the rest of 
^he world. 

This -union of the soul with the body undoubt- 
edly is, and ever will be, the greatest mystery rf 
the divine Omaipotehce— a mystery which we shaQ 
never be able to unfold. We are perfectly sensible 
that the human soul cannot act immediately on ill 
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the pHrto of the body ; u soon as a certain nerve is 
cut, I can no loDKcr close my hand: froni which it 
may be concluded, that the soul haa power only over 
the eztreroitiea of- the nerves, whlcli all terminate 
and unite in & portion of the brain, the place of which- 
the most skltfu] anatomist ia uuahle exactly to as- 
rign. To thia, then, the^wer Of the aotd is re- 
stricted. But that of God, being unlimited, extends 
to the whole univerae, and ezwls itself by means 
which far exceed our cdnprehenaion. 
IB^ November, 1760. 



LETTER LXXXl. 
Cf the VnuM bttarm Iht Soul md tite Body. 

As Bpirita and bodies are beicga, or substances, of 
B nature totally different, the world contains, then, 
two kinda of subatancec, the one ipininal, and the 
other corporeai or material. The atrict union which 
subsists Mtween them merits a very particular at- 
tention. 

This unipn of soul and body, in erery animal, is 
amostwonderfulphenoDienon. His reduced totwo 
things — the one, tnat the aoul feels, or perceives, all 
the changes which befall its body, by means of ibe 
senses, which, as you know perfectly yell, are flye 
in number, tiamely, seeing, hearinK, smelliBg, tasting, 
uid touching. By these, then, the -soul takescog; 
oizance of every thing that passes, fiot only in its 
own bod^, but out of it. Touching and taating re|>- 
resenttoitthoaeobjectsoflly which are in immediate ' 
contact with the body ; smelling, objects at a small 
distance ; hearing extends to distances much more 
remote ; and sight procures for us the knowledge of 
the most distant objects. 

All this knowledge ia accpired only in so far as 
ue otgecta make an impression on some one of oar 
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Benses ; but still this is not sufficient— it is neceasaiy 
that the orgim ot such sense should be perfecUj 
sound, and the nerres beloogioB to it must not be 
deranged. You will recollect, that in order U> see, 
the objects must be painted distinctly in the bottom 
of the eye, on the retina ) but still this representation 
is not the object' of the 'soul; one may be blii4 
though it is perfectly well defined. The retina is a 
contexture of nerves, tho continuation of which 
extends to the brain; and if this continaation is in* 
temipted by any injury done to this nenre, called the 
optic n«Te, there will be no sight, however perfect 
trie representation on the retina may bo. 

It is the same with respect to the other senses, all 
of Which operate by means of nerves destined to 
convey the impression made on the organ employed 
in the sensation, up to its first origin in the brain. 
There is, then, in the brain, a certain place where 
all the nerves terminate ; there the soul resides, and 
there it perceives the impressions made upon it by 
Aieans of the senses. 

From these impresaiona, the soul derives all (he 
knowledge it has of things out of itself; thence it 
derivesitafirst ideas, and by their combination forms 
judgments, reflections, reasonings, and every thiitf 
necessary to perfect its knowledge ; such is the won 
of the soul, in which the body has no share. Kd 
the lirst impression comes to it from the senses, 
throngh tiie bodily organs ; and the first /acuity (^ 
the soul [9 to perceive, or to feel, what passes in thil 

ert of the brain in which ail the sensitive nerves 
rrainate. This faculty is denominated feeluig, or 
lemation ; and the soul, nearly passive, does notnuf , 
in the first instance, but receive the impiecBioas 
which body presents to it. 

But it possesses in its turn an active faculty, by 
means of which it has the power of influencing it* 
body, and of producing motions in it at pleasure ; )p 
this consists its power over the body. Ttnu I aM 
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able to move my haada and my Teet by an act of my 
Willi and. What motions are my fingers making as 
I write this letter! Hy soul, however, cannot act 
immediately on any one of my fingere : in order to 
put a Bingle one in motion, it is necesaary that sev- 
eral muscles should be put in action ; and this action 
again exerta itself by means of nerves terminating 
M the brain— if such a norre be injured, to no pw- 
pose will I wish my finger to move ; it will no longer 
obev the orders of my soul. Vbm the power of my 
soul extends only to a small portion of the btain, 
where all the nerves unite; seosation is likewise 
reatiicted to this place of the brain. 

The soul, then, is united only with these extrem- 
ities of the nerves, on which it has not only the 
power of acting, but by means of which it can view, 
as in a mirror, every thing that makes an impres- 
flion on the organs of its body. What wooderfnl 
address, to be able to conclude, from the slight 
changes which take place in the extremity of the 
nerves, that which occasioned them out of the 
body! 

A tree, for example, produces on the retina, by 
tta rays, an image which is perfect!)' similar to it; 
but how feeble must the impression be which the 
nerves receive troia it ! It is this impression, how- 
ever, continued along the nerves up to their origin, 
which excites in the soul the idea of thai tree. Af- 
terward, the slightest im[HVssions which the soul 
makes on the extremities of the nerves ar« instantly 
communicated to the muscles, which, put in action, 
oblige the member which It wills to move, exactly _ 
to obey its orders. 

Machines which receive certain motions t^ the 
drawing of a string present but a coarw mechanism 
compared to our todies and the bodies of animals. 
The works of the Creator ioftoitely surpass the pro- 
ductions of human skill. 

Si' Dicembw, YlW. 
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LETTER LXXXIL 
Differtni Syttmu relatiei to thit Suifeel. 

In order to elucidate the twofold UHion of xnl 
and body, we mny compara the soul to a mm wtu 
contemplates, in a daric rooio, the eztemal <^ect«, 
and from their ima^s derive* the knowledge of 
what is passing out of the room. The aoul viewing, 
in like manner, if 1 may to expreaa mjrself, the ex- 
tremities of the nerves which unite in a certain part 
of the brain, perceives all the impreaaioiia made 
upon the nerves, and arrives at the koowledge of 
the externa] objects which have made these imprea- 
sions on the organs of sense. Though we do not 
know wherein consists the resemblance of the im- 
pressions made on the extremities of the nerve*, 
with the objects themselves which occasioned them, 
they are, however, verv proper to supply the aonl 
witn a very just idea of tbem. 

The action by which the sonl, operaliog on the 
extremities of the nerves, can put in motion il 
pleasure the members of the body, may be compared 
to that of a player on puppets, who, by pulhng a 
string, makes them strut about, and move theit linibs 
as he pleases. This comparison is, however, veiy 
imperfect ; for the union of the soul and body is in- 
finitely nAre intimate. 

The soul is not so indifferent, in respect to feel- 
ing, as the man placed in the dark room ; it is mnch 
more deeply interested in what is going on. There 
are sensations highly agreeable to it, ttod others 
veiy disagreeable, and even nainfu]. What more 
disagreeable than acute pain, tnougti it proceed but 
from a bad tooth < This, however, is no more than 
a nerve irritated in a certain msinner; and yet it 
«zcitea in the soul pain intolerable. 
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tn whatever ligcht we consider the strict union of 
soul and body, which constitutes the essence of a 
living man, it must ever remain an inexplicable 
mj^tery ; and in all ages philosophers have taken 
fruitless pains, in the hope of arriving at a satisfac- 
tory solution. Various systems have been devised 
for this purpose. 

The first is, that by which a real influence is 
established of body on soul, and of soul on body ; so 
that the bodyt by means of the senses, supplies the 
soul with its first perceptions of eactemal thinffs ; 
and that the soul, by acting immediately on the 
nerves, in their origin, excites in the body the mo- 
tion of its members ; though it is at the same time 
acluiowledged that the manner of this mutual in^ 
^uence is absolutely unknown to us. We must 
undoubtedly have recourse to the omnipotence of 
God, who has given to every soul a power over the 
portion of matter containing the extremities of the 
nerves of the body, so that the power of every sped 
is restricted to a small part of the body, whereas the 
power of CfOd extends to aU the bodies of the* uni* 
verse. This system seems the most conformable to 
truth, though we are very far from pretending to 
have a particular knowledge of it. 

The other two systems are the invention of phi- 
losophers, who boldly deny the possibility of a real 
influence of spirit upon bodies ; though they are 
under the necessity of allowing it to the Supreme 
Being. Accoiding to them, the body cannot supply 
the soul with the first ideas of external things, nor 
the soul produce any motion in the body. 

One of these two systems was the invention of 
Vescairtes ; it goes by the name of the system of oc- 
casional causes. According U> this philosopher, when 
the organs' of sense are excited by exterior bodies, 
God immediately impresses on the soul> at the samie 
instant, the ideas of these bodies ; and when- the 
soul wills that any member of this body shouhi 
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the soul is in no manner of conne^on with its bod^. 
It iras, therefore, alioflet)ier unnecessary that the 
body aiuuld be s macnine of such admirabta con- 
etruction, aa the dullest mara would have answered 
the purpose equally well. 

Tnis system, accordingly, soon lost inach of iti 
credit, when the celebrated Ltibniti substituted in 
its place that of the pre-established harmony, which 
you have no doubt frequently heard mentioned in 
c OUT creation. 

According to this syatem of pre-eilaNuhed Aar- 
mony, the soul and the Dodjr are two substances out 
of all connexion, and exercising no manner of influ' 
ence on each other. The soul is a spiritual sub- 
stance, which, from its awn nature, receives, or a»- 
sumes, all its ideas, its thoughts, its percsptioM, 
without the body's having the least share in the nat- 
tor; and the body is a machine most ingenionsty 
constructed, hke a clock, which produces all ite 
motions in mccession, without any manner of influ- 
ence on the part of the soul. But God, having fore' 
seen from the beginning oil the resolutions whicfc 
every soul would at every instant form, arranged 
the machine of the body sothni its moiions should, 
at every instant, harmonize with ihe resolutions of 
the sovu. Thus, when I at this moment raise mv 
hand, Leibnilx says that God, having foreseen my 
sou) would will, at this moment, iny bund to be 
raised, disposed the machine of my body in such I 
manner, that in virtue of its proper organtzatioii my 
hand should necessarily rise at the same instasti 
and, in hke muuier, that all the motions of the mem- 
bers of the body are performed in viriua of tbeir 
proper organizatiou, which has be«n from tlw b^is- 
niii2 so disposed as to be at all tjiDes in hannony 
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LETTER LXXXIII. 

Examination of the System of pre-established Hartfumy. 

An Objection to it. 

There was a time when- the system of pre-estab- 
lished harmony had acquired such a high reputation 
over all Germany, that to dare to caU it in question 
was to incur the imputation of ignorance, or bigotry. ^ 
The supporters of this system boasted, that by 
means of it the omnipotence and omniscience of the 
Supreme Being were set in their clearest light, and 
that it was impossible for any one who believed in 
these exalted perfections of God to entertain a doubt 
of the truth of this sublime system. 

in fact, say they, we see that poor pitiful mortals 
are capable of constructing machines so ingeniously 
as to fill the vulgar spectator with astonishment: 
how much stronger reason, then, have we tg admit 
that God, having known from all eternity all that my 
iioul would wish and desire, at every instant, should 
IRive been able to construct such a machine, which, 
at every instant, should produce motions conform- 
able to the determinations of my soul ! Now, this 
machine is precisely my body, which is united to my 
soul only by this harmony ; so that if the organiza^ 
tion of my body were deranged to such a degree as 
to be no longer in harmony with my soul, this body 
would AO more belong to me than tne body of a rhi- 
noceros in the heart of Africa', and if, in the cai^ 
of a derangement of my body, God should adjust 
that of a riiinoceros so that its motions were in 
such harmony with the determinations of my soul 
as to raise its paw at the moment I willed it, this 
body would then be mine, and would belong to my 
90U1, as my present body now belongs to it, without 

Vol, I.— A "^ 
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having undergono itself, on that accoant, any chang* 
whatever. 

Mr. LeOmlz himself has compared the soul and 
the body to two clocks, which continually indicate 
the aame hour. A clown who should see this beau- 
tiful harmoDV of these two clocks would uodoubt- 
edly conclude that they acted upon each other; bat 
he wjiuld be under a mistake, for the one perforaw 
its motions iiidependenlly of the other. The soal 
and the body are likewise two machines totally in- 
dependent, the one being spiritual, the other mate- 
rial; but their operations are always in a harmony 
so complete, that we are induced to believe them to 
belong to each other, and that the one has a real in- 
fluence upon the other, which is, however, a mere 

In order to form a judgment of this system, I re- 
mark, first. That it cannot be denied to be possible 
forfiod ro create a machine which should be always 
in harmony with the operations of my soul ; ' but It 
appears to me that my body belonjfs to me l>y other 
rights tlian such a harmony, howerer beautiful it 
may be : and I believe you will not be dispo»e4 
hastily to adopt a ayateni which ia founded on this 
principle alone, that do spirit can act upon a. body; 
and that, reciprocally, a bod|r cannot act npon. or 
supply ideas tp, a spirit. This principle ia, ttesidrs, 
destitute of all proof, the cbimerus of its partisans 
respecting simple beings having been completely re- 
futed. And if God, who is a spirit, has the power 
of aclbg upon bodies, it is not absolutely impossible 
that a spirit, such as the human soul, should be able 
likewise lo act upon a body. Accordinjrly, we do 
not pretend to say that our soul acts upon all bodies, 
but only upon a small particle of matter, with re- 
spect to which it has received the power of God hiin- 
setr, though to eierciae it io a maimer which we ai* 
utterly unable to compreband. 
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Further, the system of pre-established harmony 
labours mider other great difficulties. According to 
it the soul derives all its knowledge from its own 
proper fund, without any contribution on the part of 
the body and the senses.**^ Thus, when I read in the 
gazette that the pope is dead, and I come to the 
knowledge of the pope*s death, the gazette and my 
reading have nothing to do with the communication 
of this knowledge, as these circumstances respect 
only my body and my senses, which have no man- 
ner of connexion with my soul. But, conformably 
to this system, my soul derives, at the same time, 
from its own prbper fund the ideas which it has of 
this same pope. It concludes he must absolutely 
be dead, and this knowledge comes to it with the 
reading of the gazette, so that I imagine the read- 
ing of the gazette furnished me with this knowledge, 
though I really derived it from the proper fund Qf 
my soul. 

But tkis idea is perfectly absurd. How was it 
possil^e for me so boldly to assert that the pope 
must necessarily have died at the moment mentioned 
in the gazette, and that only from the idea which I 
hkd of the pope^s condition an(i health, though 
perhaps I knew nothing about him, while I am 
infinilely better acquainted with my own situation, 
without knowing, however, what shall befall me to- 
morrow. 

In like manner, when you do me the honour to 
read these letters, and derive the knowledge of some 
truth from them, it is your soul which extracts that 
truth from its own proper fund, without my con- 
tributing at all to it by-my letters. The reading of 
them serves only to maintain the haniony which the 
Creator meant to establish between the soul and the 
body. It is only a formality altogether superfluous 
with respect to the knowledge itself. I shall nevei^ 
theless continue to tender you my instructions. 

9th December, 1760. 



LETTER LXXXIV. 

Thbbi ii another objection to be mide to the nj»- 
tem or pre-e9lablwbed harmony: natnely, that it ia 
utterly destructive of human liberty. In fact, if 
the bodies of men are machines, eimilar to a watcti, 
ail their actions are anecessary consequence of tbeir 
constructiou. Thus, when a thief aleals my purse, 
the motion made by his hands is A etTecl an nece*- 
sary of the machine a^ h\» body, aa the motion of 
the hand of my clock, now pointing to nine. Vou 
will readily comprehend what must be the conclo- 
siou. As It would be nnjust, nay ridiculous, to think 
of being angry at the clock, and. of chastising- it, be- 
cause it pointed to nine, it would he equally so with 
respect to the thief, whom it would be absmd to 
punish for having stolen my puiEO. ' , 

Of thiswe had a well-known example in the reign 
of his late majesty, when Mr. Wolff taught at Hub 
the system of tjie pre-established harmony. Tfie 
king niformed himself of this doctrine, wlucb was 
then making a prodigious noise; and one of his 
court having suggested to him that according to Mr. 
Woijf J doctrines BoHiera were mere machtnea, and 
that when one deserted it was a necesaary canae- 
quence of his particular structure, and therefore 
ought not to subject him to punishment, as would be 
the caee were a machine an object of punishment, 
for having performed such and such a motion ; the 
king was BO provoked at this representation, that he 
gave orders to banish Wolff from Halle, with certifi- 
cation, th«t if he was found there at the end of 
twenty-four hours, he should be hanged up- Hie 
philosopher upon this took refuge at Haiburg, when 
I conversed with him soon after. 
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Bat tbe partisans of this system have always 

inaintaiaod that the pre-established harmony by po 
means encroached on human liberty. They admit 
that the exterior actions of amt are necessary effects 
of the organization of the body, and that, in this 
respect, they take place as necessarilv as the mo- 
tiuDS of a watch : but that the mental determination 
enjoyed perfect liberty : that these maybe deserving 
of punishment, though the corpore^ action was 
necessary ; that the criminality of an action consists 
less in the set, or motions of tbe body, than in the 
resolution or intention of the soul, which remains 
entirely free. Let us conceive, say they, the soul 
of a thief, determining, at a certain time, to commit 
a robbery: God, having foreseen this intention, has 
provided it with a body, organized in such a manner 
as to produce, precisely at the sane time, the mo- 
tions requisite for tbe commission of this robbery: 
the action, say they, is itself the necessary effect 
of the organisation of the body, but that the in- 
tention of the thief is a free act of his soul, which 
is not, on that account, less culpable and less pun- 
ishable. 

Notwithstanding this reasoning, the supporters of - 
the system of pre-eslablished harmony will always 
find themselves very much embarrassed to maintain 
the liberty of the determination of the soul. For, 
according to them, the soul is itself similar to a ma. 
chine, though of a nature totally different from that 
of tbe body ; the representations produced in it are 
occasioned by those which precede, and these again 
by others anterior to them, and so on, so that they 
follow each other aa necessarily as tbe motions of 
a machine. In fact, say they, men act always from 
certain motives, founded on tbe representations of 
the soul, which succeed each other, conformably to 
its state. 

You will recollect thai, according to this system, 

the 9oul drives ao one idea from the body, not 

Aaa 
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being in any real connexion with it ; but all from il« 
ownipropcr fund. Present ideas flow from those 
which preceded, and are a necessary consequence 
of them: Eothai the suil is nothing less than master 
of its own ideas, which generates its reHOlutlbns, and 
which are therefore aa little under its power; utd 
consequently all ifc actions are founded On its pres- 
ent state — that on the immediately preceding, uid 
so on, are a necessary effect of the first state in 
which it was created, over which it certainly conld 
haveno power, and of consequence could not be free. 
In depriving men of their liberty, all their actions 
become necessary, and can no longer be considered 
as either right or criminal. 

No one of these philosophers has hitherto been 
able to remove these difficulties; and their adrerss- 
ries have a rightno object to them, that this opinim 
is subversive of all morality, and makes every crime 
, which men commit to recoil on God himself; whic* 
is undoubledly the grosseel impiety. We must not, 
however, loaS them with the imputation of snch 
consequences, thouRh they flow very naturally from 
their principles. The article of liberty is a stum- 
bling-block m philosophy ; and it is extremely diS- 
cuU to steer clear of the dangers which press on all 
■ides. 

ISlh Daemba-, 1760. 
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Tns greatest difficulties on the subject of liberty, 
even those which appear insurmountable, arise fnxn 
want of distingvishing with sufficient attention be- 
tween the nature of spirit and that of body. The 
Wolffian philosophers even go so far aa to pot spiriti 
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and tbe elements of body on the lame footing, and 
give to both the one and the other the name of 
tnonadi, the nature of which, according to them, con- 
si^ in the power of changing their atate ; from 
whence result all the changes in bodies, and all the 
rcpieaentatidns an<)-actions of spirita. 

Since, then, in this system, tbjr actual state of 
bodies and of spirita derives its <letermination fVom 
that which immediately preceded, and aa the actions 
of spirits are derived, like those of bodies, from 
their preceding state, it is evident that libei^ty ia no 
more an attribute of spirit than it is of body. As- 
to body, it is impossible to conceive the least 
shadow of liberty in it; for liberty alwaya supposes 
the power of committing, of admitting, or of sus- 
pending an action, and wis is directly opposite to 
all that passes in body. Would it not, then, b« 
ridiculous to expect that a watch should point to 
any 'other hour than what it actually does, and to 
think of punishing it on that accounts Would it 
not be absurd to fly into a passion at a puppet, be- 
cause, after several other gestures, it had turned its 

All the changes which take place in bodies, and 
which are all reducible to their state of rest, or of 
motion, are the necessary consequence of the powers 
which act upon them ; and their action once ad- 
' mitted, no changes in bodies can take place but pre- 
cisely such as do take place : what respects hody, 
therefore, is an object of neither praise no^ blame. 
However ingeniously a piece of mechanism may be 
constructed, the commendation which we bestow 
upon it reverts to the artist ; the machine itself has 
no interest in what passes ; the artist, too, is alohe 
lesponsible for the defects of a clumsy and awkward 
machine; the machine itself is perfectly Innocent. 
While, therefore, the inquiry is restricted to bodies, 
they are clearly in no respiect responsible; no re- 
vwd, no puuishnMnt can possibly attach to them j 
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all the changes and rootions produced in thetn an 

the necessary cijnaequences of their structure. i 

Butspirits aie of a very different nature, and their | 
actions depend on principles directly opposite. lib- 
erty, entirely excluded from the nature of body, is 
the essential portion of spirit tn such k degree that 
without liberty aepirit could not exist ; and this it 
is which renders it responsible for its actions. This 
property is aseeseatial to spirit as extension or im- 
penetrability is to body ; and as it would be impos- 
sible for the Divine Omiiipoteace itself to divest 
body of these qualities, it would be equally impos- 
sible for it to divest spirits of liberty. A spirit with- 
out Uberty would no longer be a spirit, as a body 
-without extension would no longer be a body. 

It has in all agen been a subject of eager inquiry 
among philosophtirs, how God could have permitted 
sin to enter into the world 1 Had they reflected 
that the souls of men are beings necessarily free 
from their very nature, the controversy would havo 
^een easily settled. 

The objections comtnMily made to human liber^ 
are these : a spirit, it is said, or a man, is never de- 
termined to an action but from niotives ; and after 
having carefully weighed the reasons on both sides, 
he finally decides in favour of that which he deems 
the preferable. Hence they conclude that motives 
determine the actions of men, just as the motion 
of Q ball on the biliiard-table is determined by the 
Stroke impressed upon it, and that fixe actions of 
men are no more free than the motion of tfa« balL 
But^t must be considered that the motives which 
eiW»go a man to undertake any enterprise rwfer 
very differently to the bouI from wbat the stroke 
does to the ball. The stroke produces its eSM 
necessarily ; but a motive, however powerful, pre- 
vents not the action from being voluntary. 1 had 
very powerfiU motives to undertake a Journey to 
Magdeburg— a regarf to my promise— the prospect 
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•f enJDTing the felicity of paying my respeets M 
yonr hfgfiness ; but I am perfectly sensible, at the 
«ame time, that I wan not forced to it; and that it 
■was entirely in my own power to take that journey, 
or tp have remained at Berlin. But a body impeUM 
hy any power necessarily obeys, and it cannot be 
ttfirraed that ft was at hoerty to obey or not as it 
pleased. 

The motive which Qeterminea a apirit to regulate 
its resolves is of a nature wholly different from a 
cttuse or force acting' upon body. Here the effect is 
pVodaced necessarily, and there the effect Tvnains 
always Yolunlary, and the soul has power over it. 
On this is founded iha impUabiliiy of the action's of 
a spirit, which makes it responsible for them, and 
which is the true foundation of right and wrong. 
As soon aa we have settled this infinite difference 
between spirit and bodv, the question respecting 
liberty presents very little difficulty. 

lent Deeemher, 1760. 
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The tame Sitbjtct contimtei. 

Thb difference which I have just eBtaftished b^ 
tween the motives conformably to which spirits ac^ 
and the causes or powers which act on bodies, dis- 
covers to us the true fiundation of liberty. ^ 
Imagine a puppet so artfully constructed with 
wheels and spring aa to be able to approach my 
pocket and to pick out my watch without my per- 
ceiving it. This action, being a necessary cons» 
quence of the organization Of the machine, could 
not he considered aa a robbery; and f should ren- 
der myself ridiculous if I got into a passion at it, 
and insisted on having the machine hanged. Every 
one would say that the puppet was innocent, and 
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incwable of conunitling a blameable aetion: it 
woiud be, besidea, equally indifferent to Sis ptpid 
to be hanged or placed on a throne. But irtbe 
artist had contrived ihia machine on purpose U I 
BtMl and to enrich himself by such means, hawever 
much I might admire the ingenuity displayed on Iht | 
mechanism. I should reckon nwsclf obliged tobrini : 
him to justice as a thief. It foflows, then, that e\ea 
in this case the criminality reverts upon an intelli- 
fcent being, or a spirit, and that spirits alone are 
responEibie for their actions. 

Let every man ei:amine his own actions, and b 
will always find that he was not forced inlo them, 
though he might be induced by motives. If his ac- 
tions are commendable, he is perfectly conscious 
of meriting the praises bestowea upon ftim. How- 
ever he might be deceived in his other judgnieiils, 
he cannot in this case; the sentiment of his liberty 
is so intimately coimected willi that liberty itseJT 
that they are inseparable. It is possible to ,ealer- 
taJn a doubt where the liberty of another is cor 
cemed, but it is impossible ever to be deceived n 
apecting one's own. A clown, for cxajnple, on 
seeing the puppet above described, might easily 
imagine it to be a real thief, and tliat it likewise wm 
a free agent: in this hp would be mistaken; bin 
with respfect lo his own liberty it ia impossible fw 
liim to mistake : as he deems himself free^ he is s« 
in fact. It mitrht hkewise happen that the clowain 

Suestion, undeceived as to the puppet, shonld aflet- 
'ard consider a dexterous thief aa a machine, des- 
titute of all sentiment and of liberty : here he would 
fall into the opposite enor; but as to his own so- 
4ions he will never be mistaken. 
" It would therefore be ridiculous lo aSirm that it 
might be pSssible for a watch 10 im;t(rine that its 
hand turned freely, and to believe that it now poinu 
to nine because it pleases to do so, but could point i 
to any other hour if it thought proper - the watch 
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would undoubtedly deceive itseir. But the whole 
supposition is roaiiifeatly absurd. You muat flret 
ascribe tn the watoh sentiment and imagination, and 
accordingly suppose it a spirit or soul, which neces- 
sarily impues hberty ; and aAerward consider it a^ 
a mere machine, dirested of Ubeny, which ia a 
manifest conrradiction. 

Another objection, however, is started agsinst 
liberty, founded on the Divine prescience. God, it la 
said, foresaw from all eternity every resolution Which 
I sliould form, and every action which 1 should do 
during: every instant of my life. If God foresaw 
I should just now oontinue to write, that I should 
by-and-by lay down my pen, and mst to take a 
walk, my action would be no longer free, for I am 
under the necea^ty of writing, of laying down the 
pen, and of rising to walk ; and it would be hnpo»« 
aible for me to act otherwise, as it was impossible 
God should be deceived in what he foresees. 

The reply is obvious. .Because God foresaw, 
from all eternity, that I should perform, on such a 
day, such an action, it does not follow that I shall 

Serform it because God formaw it. For it is evi- 
ent that it onght not be allepred, in the cause sup- 
posed, (hat 1 go on to write, because God foresaw I 
should go on to write ; but, on the contrary, as I 

i'udge It proper to go on to write, God foresaw that 
would do so. Thus the prescience of Ood by no 
means encroaches on my liberty ; and all ray actiona 
remain equally at libertj^ whether God foresaw 
them or not. 

Some, however. In the view of supporting liberty, 
have gone so far as to deny the Divine preacience>j 
but you will have little difficulty in detecting the 
falsehood of this opinion. Is it so surprising that 
the Supreme Being, who is acquainted with all my 
propensities, should be able to foresee the effedt 
which every motive will produce on my sou), and, 
consequeglly, all the resolutions wluch I shall form 
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Imagine to jonrseir a musical clock) nich a 
clock once regulated, all the motinnB which it per- 
furms, and the aire which it plays, are producecl in 
Tirtue of its construction, without any fresh appli- 
Cktion of the hand or the master, and in that case 
we say it is done mechanically. If the artist touches 
it, "by changing the notch, or the cylinder, which 
regulates the airs, or by winding it up, .it is an ex* 
teraal action, which, not beinEr founded on the organ* 
Uation of the machine, no longer appertains to it. 
And if God, as Lord of the universe, should change 
immediately any thing in the course of successive 
events, this change would no longer appertain to 
the machine ; it would then be a miraclt. 

A miracle, consequently, is an immediate effect 
of the divine Omnipotence, which could not ha*e 
taken place had God lell the machine of the uni- 
verse ireeW to take its course. Such would be 
tlie state of'^the universe if it contained bodies only; 
in that case it might be said, that all events lake 

Sice in it from an absolute necessity, each of them 
iog a necessary effect of the structure of the 
universe; unless it pleased Qod to work miracles. 

The same thing would happen, on admitting the 
system of pre-established harmony, though it aUowi 
the existence of spirits ; for, according to this sys- 
tem, spirits do not act upon bodies, but these per- 
form all their motions and actions only in virtue of 
their structure, once established . so that when I 
raise my arm, this motion is an effect as necessary 
of the organization of my body as that of the 
wheels in a watch. My soul' in no respect con- 
tributes to it ; it is God who, from the beginning, 
arranged the matter, so that the action of my body 
must necessarily result from it, at a certain time, 
and raise the arm at the instant that ray soul willed 
it. Thus, my soul has no influence npon my bod^, 
any more than upon those of other men and of uii- 
malt ; and, cow — " ^- " *" ' — 

Vol. 1.— B b 
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the nniTOTse is merely corporeal, and erenta are i 
necessary effect of the primitive organization whkb 
God has established in the unitrerse. 

But if we allow to the souls of men and of aniinala 
tfie power of producing motion in their bodies, 
whicn their organization alone would not have ]^a- 
duced, the system of the univerae is not a men 
machine, and events do not neceasarily take place 
as in the preceding case. 

The universe will present events of two kinds; 
the one, tttose over which spirits have no manner 
of influence, which are corporeal, or dependent on 
the machine, as the motion and phenomena of the 
heavenly bodies ; these take place as neceaagrily aa 
those or a watch, and depend entirely on ibe pnmi- 
tive establishment of the universe. The otheia 
depend on the soul, united to the body of men and 
anunals, and are no longer necessary, aa the pre- 
ceding, but resuli from the liberty, as from ttie win, 
of these spiritual beings. 

These two kinds of events distinguish the universe 
flfom a mere machine, and raise it to a rank infinitdy 
more worthy of the Almighty Creator who formed 
it. The ^vemment of this universe will likewise 
ever inspire us with the most sublime idea of the 
soverei^ wisdom and goodness of God. 

It is certain, therefore, that liberty, which is ab- 
solutely essential to spirits, has a very great infla- 
ence on the events of the world. You have only to 
consider the fatal conseguencea of these war*, 
which alt result from human actions, determiDed by 
_ their will or their caprice. 

It is likewise certain, at the same time, that the 
events which take place do not depend only on the 
will of men and animals. Their power is verr i 
Lmited, bemg restricted to a small portion of the I 
brain, in which aU the nerves terminate ; sod tbia 
acuon IS confined to the communication of an im- 
{ivnion of a oertimi motion on the memben,whicli , 
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may afterward operate on other bodies, and these 
again on others, so that the slightest motion of my 
body may have a great influence on a mullilude o{ 

Man, however, though roaster of the first motion 
of his body which occasions these events, is not so 
of the consequences of his actions. These depend 
on so many circumstances, that the most sagacious 
mind Is incapable of foreseeing them ; acconlingly, 
we every day see the best concerted projects failmg. 
But it is here thai we must acknowledge the govern- 
ment and providence of God, who, having from all 
eternity foreseen all the counsels, the projects, and 
the voluntary actions of men, arranged the corporeal 
world in siicli a manner that it brings about, at all 
limes, circumstances which cause those enterprises 
to fail or to succeed, according as his infinite wisdom 
judges to be must At. God thus remains absolute 
sovereign of all events, notwithstanding the liberty 
of men, all whose actions, though free, are from the 
banning part of the plan which God intended to 
execute when he created this universe. 

This reflection plunges us into an abyss of wonder 
and adoration at trie infinite perfections of the Crea- 
tor; while we consider that there is nothing so mean 
in itself as not to be, from the beginning of the world, 
an object worthy of entering into the original plan 
which God proposed to himself. 

S3d Dtctmba; 1T60. 
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CfBvtnU, Natural, SupenuOaTid, and Moral. 

IiT common life we carefully distinguisb events 
prodnced by corporeal causes from those in which 
men and animals co-operate. Those of the farmer 
deacription are denominated mtural evnti, or pro- 
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daced hj natural cbums ; roch are the [Aenoroflna of 
th« heavenly bodies, eclipses, tempesta, wbiriwiiida, 
earthquaXes, ftc. These are called natural phe- 
Bomena, b«cause it is underatood that neither men 
nor animals are active in the production of them. 



boscis of sn elephant, no one would call tfaia a 
natural effect. When i>iir plains are deluged by ao 
inundation, or destroyed by the hail, we eay the 
cauae of this calarriity was natural ; but if the mia- 
chief were done by tne invaaion of an enemy, we 
would no longer deem the cause of it to be natural. 

If Buch an evil were to be produced by a miracle, 
or by the immediate power of God, we would aay 
the cause of it was tuptmahiral; but if the evei^ 
were occasioned by men or animals, we would not, 
in that case, give it the name of either natural or 
nipematural. We would characterize such an event 
•imply by the name of aciton, which denotes an 
effect thai is neither natural nor sopematural. It 
mi^ht with greater propriety be denominated rru^ral, 
U it depends on the liberty of an intelligent agent 

Thus, when Quintus Cnrtius gives us a detail of 
the actions of Alexander the Great, he communicate* 
to us the knowledge of the events brought about by 
the voluntary determinations of thai hero. Sucb 
an action always supposes freedom of resolution in 
a spiritual being ; a power of determination which 
depends upon his will, and of which he is master. 
I say, of which he is master ; for there is a gieil 
variety of motions, the production of which, were 
we to determine to will them ever so much wa 
should not, however, be obeyed, because over sucb 
movements we have no power. 

I am not master even of all the motiona perfomied 
IB my own body ; that of my heart and ofaiy Mood 
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is not subject to my power, or to the empire of my 
soul, aa the action which I perform when I write 
this letter. Tliere are other motions which partake 
of the uaiure of both these, such as respiration, 
which it is in my power to accelerate or to retard 
to a certain degree, but of which 1 am by no meana 
the absolute madter. 

Language is not sufficiently rich to express, by 
one appropriate term, all these different kinds of 
events. There are some produced by natural causes 
merely, and which are necessary consequences of 
the arrangement of bodies in the universe ; and aa 
these necessarily come to pass, the knowledge of 
this arrangement enables us to foretel a grssC number 
of them, such as the situation of the hojvenly bodies, 
eolipses, and other phenomena depending on them, 
for any siven time whatP'-er- There are other 
erents which depend «"ly on the will of free and 
spiritual beings, a^ me actions of every man and of 
every animal it is impossible for us to foresee any 
thing of cnese, in particular, unless by conjecture 
mcTt^j : and in this we are frequently very grossly 
mistaken. God alone possesses this knowledge in 
a supreme degree. 

From these two kinds of events there arises a 
third, in which natural causes concur with such aa 
are voluntary, and dependent on a l>eing exercising 
its liberty. Of this the billiard-Uble furnishes an 
example. The strokes impressed on the balls de- 
pend on the will of the ptayera; but aa soon as motion 
IS communicated to them, the continuation of that 
motion, and their collision with each other, or with 
the cushion, are necessary consequences of the laws 
of motion. 

In general, most of the events which take place on 
the earth must be referred to this species, as ther« 
are scarcely any over which men and animals havo 
not some lufluence. The cultivation and prodiice 
of our fields require, in the first instance, the volun- 
BbS 
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tary exertioits of men or besata ; but the sequel ia 
an effect or causes purely natural. It is accordingly 
of importance lo remark, that God acts in a manner 
totailydifferenttotFHrds bodies and spirits. God has 
established for bodies laws of rest and motion, con- 
fonnably to which all changes ntrettanly (ske place ; 
as bodies are merely p^sive bein^, which preserve 
themselves in their state, or necessarily obey im- 
pressious made upon them by others, as I formerly 
explained ; whereas apirils are snscepiible of no force 
or constraint, but are-govemed of God by precept* 
and prohibitions. 

with respect to bodies, the will of God is always 

Ktfectly aopoinplished ; but with respect to spiritual 
ings, such aa men, the contrary very ofXen hap- 
pens. When it in said to be the will'of God that 
men should love one imoiher, we-mean by that ex- 
pression a commandment fcbjch men ought to obey; 
bai this is very far from being iVa case. God does 
not force men to it, for this woutn t^ contrary to 
the liberty which is essential to them ; but He en- 
deavours to engage men to the observance of this 
commandment, by proposing to them motives the 
tnost powerful ; but it always depends on the will 
of man whether he is to obey or not. In this sense 
we are to unders'Cand the will of God, when ii refen 
to the free actions of spiritual beings. 
87li December, 1760. 
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<y/tke Qiitttion rtspecling the bfit World pottibU; 
and of the (>igin of Evil. 

YoD know well, that it has been made a qusstioa. 
Whether this world be the best possible t It cannot 
be doubled, that the world periectly oonaqloivl* to 
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the plan wIuch'God proposed to himself when he 
created it. 

As to bodies and material produciloiu, their ar- 
ranffemeDt and structure are such, that certainly they 
could not have baen better. Please to recollect the 
wonderful structure of the eye, and you will see the 
necessity of admitting thst the conformation of all 
its parts is perfectly ^apted to fulfil the end in view, 
that of representing distinctly <ixterior objects. How 
much address la necessary to keep up the eye in 
that state, during the course of a whole life^ The 
Juices which compose it roust be preserved from 
corruption ; it was necessary to make provisioit that 
they should be constantly renewed and maintained 
in a suitable state. 

A structure equally marvellona is obeervable in aO 
the other parts of our bodies, in those of all animals, 
and even of the vilest insects. And the structure of 
these last is so much the more admirable, on account 
of their smallness, that it should perfectly satisfy all 
the wants which are peculiar to each species. Let . 
ns esamineonly Iheaense of seeing in tnese insects, 
hy which they distinguish objects so minute, and to 
near, as to escape our eyes, and this examination 
alone will fill us with astonishment. 

We discover the same perfection in plants ; erety 
thing in them concurs to their furmation, (o their 
growth, and to the production of their flowers, of 
Uieir fruits, or of their seeds. What a prodigy, to 
behold a plant, a tree, spring from a small grain cast 
into the earth, by the help of the nntntious Juices 
with which the soil supplies it ! The productiQn* 
found in the bowels of ttie earth are no less wonder* 
ful : every part of nature is capable of eihausting 
our utmost powers of research, without permitting 
m to penetrate all the wonders of its construction. 
Nay, we are utterly lost, while we reflect bow every 
■ttbstance— earth, water, air, and fire — concur in tb* 
production of aU orguiied bodiei ; and finally, bow 



the amogement of all the heavenly bodies ia go 
admirably contrived as perfectly to fulfil all tbeae 
particular destinations. 

After having reflected in this manner, it will be 
difficult for you to believe that there should have 
been men who maintained, that the univ^erae wat 
the effect of mere chance, without any design. But 
there always have been, and there still are, peisons 
of this description ; those, however, who have a solid 
knowledge oi n^auie, and whom fear of the justice 
of God does not prevent from acknowledf^ng Him, 
arc convinced, with ua, that there ia a SupremeBeii^ 
who created the whole universe, and, from the re- 
marks which I have just been suggesting to yon 
respecting bodies, every thing has been created in 
the bluest perfection. 

Aa to Bpints, the wickednesa of man seems to be 
an infriDgeinent of this perfection, aa it is hut too 
capaUe of introducing the greatest evils into the 
world; and these evils have, at aU times, appeared 
incompatible with the sovereign goodness oiGod. 
IliiB IB the weapon usually employed by inbdela 
against religion, and the existence of God. If God, 
say they, was the author of the world. He must also 
be the author of the evil which it contains, and (rf 
the crimes committed in it. 

This question, respecting the origin of evil the 

difficulty of explaining how it can consist with th* 
sovereign goodness of God, has always greatly per- 
plexed phUosophers and divines. Some have eo' 
oeavoured to give a solution, but it has SHtiafied onlv 
Uiemselves. Others have gone so far aa to maintop 
that Ood was, in fact, the author of moral t^vil, ad 
of Crimea ; always protesting, at the same time, dnt 
this opinion ought to bring no imputation on tb« 
goodnriss and holineas of God. Others, Anally, con- 
■ider this question aa a mystery which we cannot 
comprehend ; and these hut, undoubtedly, have en- 
bnced the preferable sentiment. 
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and calamities. These arethree truths which it it 
apparently difflcutt to reconcile ; but, in my opinion, 
a great part of the difficulty vanishes as soon as we 
have formed u just idea of spirit, and of the liberty 
ao essential to it that God himself cannot divest it 
of this quality. 

God having created spirits, and tlie soula of men, 
I remark, Rnt, that spirits are beings infinitely more 
excellent than bodies; and, secondly, that, at the 
moment of creation, spirits were all good : for time 
ia requisite to the formation of eril inclinations: 
there is, therefore, no difficulty in aSinning that God 
created spirits. But it being the essence of spirits to 
be free, and liberty not being capable of aubsisting 
without a power to sin, to create a spirit posaesaed 
of the power of sinning has nothing inconsistent 
with divine perfection, because a spint could not be 
created destitute of that power. 

God has, besides, done every thing to prevent 
crimes, by preacribing to spirits precepts, the ob- 
servance of which must always render them good 
and happy. There is no other method of treating 
spirits, which cannot be subject to any constraint : 
and if some of them have abused their liberty, and 
transgressed these commandments, they are respoo- 
sible for it, and worthy of punishment, without any 
impeachment of the Deity, 

There remains only one objection more to be con- 
sidered — namely, that it would have been better not 
to create such spirits, aa God foresaw they mast 
sink into criminality. But this far aurpassea hamu 
nnderstanding ; for we know not whether the plan 
of the world could subsist without tiiem. We know,, 
on (he contrary, by experience, ihat the wickedness 
of some men frequently contributes to the correc- 
tion and amendment of others, and thereby condvcta 
them to hai^uoMS. Thii conaideretion aloitB is 
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■re reatlj contraflictoiy to reli^on ; but in that case 
divine truth ought surely to be prernred to the reve- 
riee of men, if the pride of phuoBophere knew what 
it wafi to yield. Should sound pniloeophy aome- 
timea seem in opposition to religion, that opposition 
is more apparent than real ; and we most not solTer 
ourselves to be dazzled with the speciousnesa of 
obiectioD. 

I begin with considering an objection which al- 
most all the philosophical systems have started 
■piinst prayer. Religion prescribes this as oar 
duty, with an assurance that God will hear and an- 
swer our vows and prayers, provided they are con- 
formable to the precepts which he has given ns. 
Philosophy, on the other hand, inatnicts us that all 
events take place in strict conformity to the conrs« 
oC nature, established from the beginning, and that 
our prayers can effect no changu whatever; unless 
we pretend to expect that God should be continually 
worxing miracles, in compliance with our praters. 
This objection has the greater weight, that rehgion 
itself teaches the doctrine of OocTs bavins estab- 
lished the course of all events, and that nothing can 
come la pass but what God foresaw from all eter- 
nity. Is it credible, say the objectors, that God 
should think of altering this settled course, in com- 
pliance. with any prayers which men might address 
to himi 

But I remark, first, that when God established the 
course of the universe, and arranged all the events 
which must come to pass in it, he paid attention to 
all the cireumstances which should accompany each 
event; and particularly to the dispositions, to the 
desires, and prayers of every intelligent being; and 
that the arrangement of all events was disposed in 
perfect harmony with all these circumstances. 
When, therefore, a man addresses to God a praver 
worthy of being heard, it nmst not be imagined that 
such a prayer came not to the knowledge of Odd tDI 
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tesdj heard from all eternity ; and if the Fuher <ri 
Mercies deemed it worthv of being anawered, he ar- 
raoKed the world expreasly in favour of that prayer, 
aouat the accompliBbment should be a consequeoea 
of the natural course of events. It is thua that God 
uiHwers the prayera of mea without working- a 
miracle. 

The establishinent of the courae of the oniTerse, 
fixed once for all, fu from rendering prayer unneces- 
sary, rather increases our confidence, by conreyiiv 
to ua thia consolatory truth, that all our prayers have 
been already, from the beginning, presented at the 
feet of the throne of the Almighty, and that they 
have been admitted into the plan of the univerae, la 
motives conformably to which events were to be 
regul;ited, in aubserviency to the infinite wiadom of 
the Creator. 

Can any one believe that our condition wooM be 
better if God bad no knowledge of our praveta be- 
fore we presented them, and tliBt He should then be 
disposed to change in our favour the order of ttie 
course of nature I This might well be irreconcila- 
ble to his wisdom, atid inconsistent with his ador^ile 
perfections. Wotdd there not, then, be reason to 
say that the world was a very imperfect work 1 thit 
God was entirely disposed to be favourable to tte 
wishes of men; but not having foreseen them, w» 
reduced to the necessity of every instant i^ter^I;^ 
ing the course of nature, unlssit He were determined 
totally to disregard the wants of intelligent beingi, 
which, nevertheless, constitute the principjit part of 
the universe 1 For to what purpose create this mt- 
terial world, replenished with so many great wel- 
ders, if there were no intelligent beings, capable of 
admiring it, and of being elevated by it to the adon- 
tion of God, and to the most intimate uojod wift 
their Creator, in which, undoubtedly, tiwir hishiil 
felidty eonawta • 
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Hence, it most abeolutely be concluded, tbat in- 
telligent beings and their salvation must have been 
the principal object, in subordination to which God 
regulated the arrangement of this world; and we 
tiave every reason to rest assured that all the events 
which take place in it are in the most delightful 
harmony with the wants of all intelligent beings, 
to conduct them to their true happiness ; but with- 
out constraint, because of their liberty, which is as 
essential to spirits as extension is to body. There 
is therefore no ground for surprise that there 
should be intelligent beings which shall never reach 
felicity. ^ 

In this connexion of spirits with events consists 
the Divine Providence, of which every individu^ 
has the consolation of being a partaker ; so that 
every man may rest assured that, from all eternity, 
he entered into the plan of the universe. How 
ouffht this consideration to increase our confidence 
and our joy in the providence of God, on which all 
religion is founded! You see, then, that on this 
sMe religion and philosophy are by no means at 
variance. 

3^ Jamuujy 1761. 



LETTER XCL 

Tke Liberty nflntellifefU Beings in Harmony with the 
\Doetrnkes of the Christian Religion. 

LiBcaTY is a quality so essential to every spiritual 
being, that Gdd. himself cannot divest them or it, just 
BB He canOQit dRVest a body of its extension, or of its 
mertia^ without entirely destroying or annihiUtting 
it : to divest a spirit of liberty, therefore, would be* 
tiie same thing as to annihilate it. This must be 
onderstood of Uie spirit or soul itself, and not of the 
BCtiooB of the body which the soul directs in con- 

VoL.1.— Cc . 




fonnitf to its wiU. If you would prerent me from 

writinfTi you have but to bind my hands — to write i* j 

undoubteilly an exercise of liberty ; but then, Uum^ 

yOu may aay that yon ha»e deprived me of the liberty 



of writing, yon have only deprived my body of tb* 
' obeying the oictatea of my aoiil. Bintl 
o bard, you cannot eitinguisn in my ipirit i 



on inclinatiou to write ; all you can do ii 
the execution of it. 

We must alwaye caiefutly distinfrnisA between I 
inclination, or the net of willinir, and execntiol^ 
which ia peribrmed by the miuistnition of the body. 
The act of willing cannot be reatrained by an ex- 
terior power, not even by that of God ; for liberty 
is independent of all exterior fort^e. But there are 
means of acting on spirits, by motives which have a 
tendency, not to constrain, but to perauade. Let ■ 
man be Rrmly determined to engage in any enter- 
prise, and let as suppose the execution of it pre- 
vented i without making any change in bis inten- 
tion, or will, il might be possible to sunest moUvea 
which should engage him to abandon hie purpoA, 
without employing any manner of consttaint : ba>- 
ever powerrul these motives may be, he is alwin 
master of his own will: it never can be said that U 
was forced or constrained to it, at least the expres- 
sion would be improper ; for the proper term is^n^ 
tuaiU, which is so suitable to the nuture and tbs 
liberty of intelligent beings, that it cannot be applied 
to any other. It would be very ridiculous for ex- 
ample, in playing at biUiards, to aay that I persuaded 
tbe ball to run into the haxard. 

This sentiment respecting the UVeOi of Bpa/» 
appears, however, to some personi^CoiRlMty lo tk* 
goodness or the power of the Supreme- Beii^.' Lik 
erty, from its very nature, can submit to no denee 
of constraint, even on the part of God. But wiuoot 
•xeKiaiog any constraint over spirits, God Ins u 
iofittite variety of meani of pre*«ntiiig them with 
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penuuive motives; and I believe Ihat all possibia • 
caaea are adapted by Providence to our condition, 
in «neh a manner that the most abandoned wretches 
might derive from them the most powerful motives 
to conversion, ifthev would but listen to them: and 
that a miracle would not produce a betfer effect on 
these vicious spirita ; they might bu affected bjr it 
Tor a season, hut would not become better. It is 
thus that God co-operates in our conversion, by fur- 
niahinir ns with motives the most efficacious, «>d bjr 
the circurostancea and opportunities which His jvovi- 
dence supplies. 

If, for example, a man who hears an awakeninK 
sermon ia affectwl by it, repents, and is converted, 
the act of his soul is evidently hie own work ; but 
the occasion of the sermon, which he was so happy 
■B to hear precisely at the time when he was dis- 
posed to profit b^it, was nothing less than His work; 
the Divine Providence overruled that circumstance, 
BO salutary to him. In fact, without the oppor- 
tunity, over which the man had no power, he would 
h&ve persisted in a sinful course. 

Hence you will easilv comprehend tUe meaning 
of such expressions as tneae : " Man can do nothing 
of himself; all depends on divine gntce : it is God 
that worketh to will and to do." The favourable 
circumstances which Providence supplies to men 
are sufficient lo elucidate these expressions, without 
having recourse to asecret fofce, which acts by con- 
straint on hurnui Uberty ; as these circumstances 
are directed of God, in conformity to the most coD- 
sumtfiate wisdom, in the view of conducting every 
intellii^nt. Uking to happiness and salvation,. unless 
he wilbilty teji^ts the means by which he mi^ 
tiKve attained true felicity.' 

fUK Jatmary, 1761. 

Him* 




ttvcaA-ntm KUFBome 



, LETTER XCn. 

Ehicid^ion retpteting Ihe Nature of SpiHu, 

In order more clearly to elacidate what I lii*e 
just aajd respecting the difTerence between body and 
spiril — rorit is impossible to bo too attentive towbil 
constitutes that dilTereiice, as it extenda ao fir, thai 
B]»rit has nothing- in coimnon with ttody, nor bodr 
with spirit — 1 think it necessary to snbjoin the fot 
towing reflections : 

Extension, inertia, and impenetraUljty an lb« 
properties of body : spirit is without eztenBioa, 
without inertia, without impenetntbihty. AU plli- 
losophers are agreed that extension cannot have 

flace in respect of spirit. It is a self-evident tmlti, 
ir every thing extended is divisible, and you cu 
form the idea of its parts ; but a spiril is BusceptiUe 
of no division; ^ou can have no conception of iti 
half, or of its third part. Every spirit is a complete 
being, to the exclusion of all parts; it cannot ^eo 
be uBrmed that a spirit has length, breadth, or 
Ihickness. In a word, aU that we conceive of ex- 
tension must be excluded from the idea of a spiril. 

It would appear, therefore, that as spirits have do 
magnitude, they must, resemble geometrical poioti, 
the definition of which is, that they have neither 
length, breadth, nor depth. Would it be a very 
accurate idea to represent to ourselves a apir^tT ■ 
mslhematical point < The scholiistic phUosdBen 
have professed this opinion, and cojwikred spuiM 
■a beings infinitely small, simitar to fle^OatVibtils 
particles of dust, but endowed with an inconceivabk 
activity and agility, by which they are enabled to 
transport themselves in an instant to the gntutl 
distances. They maintained, that in virtue of thn 
extreme minuteness, millions of B[drito might t« 
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enclosed in the smallest space ; they even made it a 
question. How many spirits could dance on the point 
of a needle? 

The disciples of ^W^lff are nearly of the same opin- 
ion. According to them, all bodies are composed 
of particles extremely minute, divested of all magni- 
tude— «nd they give them the name of monads. A 
monad, then, is a substance destitute of all exten- 
sion ; and on dividing a body till you come to par- 
ticles 80 minute as to be susceptible of no farther 
division, you have got to the Wolffian monad, which 
differs, therefore, from the most subtile particle of 
dust only in this, that the minutest particles of dust 
are not perhaps sufficiently small, and that a farther 
division is still necessary to obtain real monads. 

Now, according to Mr. Wolffs not only all bodies 
are composed of monads, but every spirit is merely 
a monaa ; and the Supreme Being, 1 tremble as I 
write it, is likewise a monad. This does not convey 
a very magnificent idea of God, of spirits, and of 
the souls of men. I cannot conceive that my soid 
m nothing more than a being similar to the last 
particles of a body, or that it is reduced almost to a 
point, it appears to me still less capable of being 
maintained, tnat several souls joined toffether might 
form a body, a slip of paper, for exam^ue, to li^t a 
pipe of tobacdo. But the supporters of this opinion 
go upon this ground, that as a spirit has no ma^i- 
tttde, it must, of necessity, resemble ^ aeometncal 
point. Let us examine the solidity of ti)ieir fea- 



soiling. 



1 4«^ark, first, that as a spirit is a bein^ of a nature 
totally different from that of body, it is abeurd to 
tfiply tp it standards, which suppose magnitude, and 
that, consequentlv, it would oe folly to ask how 
many feet or inches lon^ a spirit is, or how many 
pounds or ounces it weighs. These questions are 
applicable Only to things which have leni^th or 
weiglit, and are as absutdf at if, speaking of time, it 



weie to be asked, how mBny feet loof in hour ww, 
or bow many pounds it weighed. 1 can ibrajFt 

confidentlf amrtn, that an hour ia not equal to a line 
of a hundred feet, or of ten feet, or of one foot, or anv 
other Btandarl of measure ; but it bj no tneuu fw- 
' Iowa that an hour must be a ireometrical point. Am 
hour ia of a nature entirely different, and it ia tmpoa- 
Mblc to apply to it any standard which suppoMS a 
lenirth whicti may be expressed by feet or inches. 

The sanie thing holds good as to spirit. 1 OB 
always boldly affirm, that a spirit is not ten feet, nor 
a hundred feet, nor any other number of feet; hot it 
does not hence folloir, that a spirit is a point, any 
more than that an hour must be one, because it cannot 
be measured by feet or inches. A spirit, then, ia not 
a monad, or in any respect similar to the uHiniate 
particles into which bodies may be divided ; and yon 
are perfectly able to comprehend, that a B|nrit may 
hsTe no extension, without being, on that account, a 
point or a monad. We must therefore separate ererjr 
idea of extension from that of spirit 

To ask, In what place does a spirit reside ! wonU 
be, for the sune reason, hkewise an alwurd qneation, 
forU ■■" • - - ■■ 

sion . - - 

iai tiiough assuredly an hour is something; 

tiling, therefore, may exist without b^mg attacM 
to a certain place. 1 csn, in like manner, affirm Hut 
ny Bonl does not reside in my bead, nor oat of iqr 
head, noft in any particular place, without its being 
deduced as a consequence that my soul has therefan 
no existence ; just as it may be with truth aflkved 
(rfthebonrnowpaasing, that it exists tteither in my 
besd nor out of my head. A ^rit exiats, tteb 
Mwrn gh not in a certain place ; but if our refledioi 
turns on the power which a spirit has of actingHiaa 
a body, the action is most unikiubtedly perfonnM a 
a certain place. 

Hy •onl, then, does not exM in a partiodar plaM^ 
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%iit it itibts there ; and as God possesses the power 
of acting upon all bodies, it is in this respect we say 
He is eveiywhere, though his existence is attached 
to BO i^ce. 

lOM Jameary, 1761. 



LETTER XCIII. 

Th0 Suhfeet continued. Re/Uetions an the State of 

8ouU after Death, 

Tov will probably be surprised at the sentiment 
wliich I have just now ventured to advance, that 
spirits, in virtue of their nature, are in no place. In 
uius affirmii^, I shall perhaps be in danger of passinff 
for a man who denies the "existence of spints, and 
consequently that of Grod. But I have already de- 
monstrated, that something may exist, and have a 
reality, without being attached to any one place. 
The example drawn from an hour, though feeble, re- 
moves the greatest difficulties, though there is an 
infinite difference between an hour and a spirit. 

The idea which I form of spirits appears to me 
incomparably more noble than that of those who 
consider them as geometrical points, and who re- 
duce God himself to this class. What can be more 
shocking than to confound all spirits, and the Su- 
preme Being among the rest, with the minutest par- 
ticles into which a body is divisible, and to rank 
them in the same class with these particles, which 
it is not in the power of the leamea term monad to 
ennoble ! 

To be in a certain place is Ai attribute belonging 
only to corporeal things ; and as spirits are of a to- 
imf different nature, it is not a matter of surprise to 
4My^that they are not to be found in any place ; and 
I am under no sBprehensioo of repoacn tor the elo- 
eidMioiis lfliiehllurv» sobmitted to yon on this tab- 
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Ject. It is thus I exalt th« nature of ^uiit* k 
abo*e that of bodies., 

Erery spirit ia a being that thiokst refle 
BonB, deUberates, acts freely, and, in one wi 
Uvea : whereas body has no other qualiliea 
of beiiuf extended, euaceptibte of motion, 
penetrable ; from whence results this o 
quality, that every body remains iu the sai 
aa long as there is no necessity of matual 
tion, or of their undergoing some change 
case of the necessity of their penetrating eat 
if they continued to remain in their state, t 
penetrability itself auppliea the powers reqi 
change their state, as lar aa it is necessary 
Tent all penetration. 

In this consist all the changes which take 
bodies : all is passive, and Decessarily befa 
in conformity to the laws of motion. Th< 
body, neither intelligence, nor will, nor 
these are the aupereminent qualities of apiri 
bodies are not even susceptible of them. 

It is spirit likewise which produces in 
poreal world the principal events, th« illmti 
tions of intelligent beings, which are all t 
of the influence which the souls of men 
upon their bodies. Thia power, which e» 
has over its body, cannot hut be considered 
of God, who has established thia wonder) 
between soul and body. And as 1 6nd m; 
such a union with a certain particle of n 
concealed in the brain, it may be said that 
of my soul is in that spot, though, proper) 
ing, mv soul resides nowhere, and is refi 
that [dace of my b*dy only in virtue of i- 
tnd of its power. 

It is also the influence of the soul upon 
which constitutes its life, which continuei 
M this unison Bubsists, or aa the organizati 
body nBiDaiu eiutire. Death, then, ia noU 
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but fhe dissolution of this union, and the soul has no 
need to be transported elsewhere ; for, as it' resides 
in no place, all mades must be indiflerent to it ; and, 
consequently, irit should please God, after my death, 
to establish a new union between my soul and an 
organized body in the moon, I should instantly be 
in the moon, without the trouble of a long Journey. 
And if, even now, God were to grant to my soul a 
power over an organized body in the moon, I should 
DC equally here and in the moon ; and this involves 
no manner of contradiction. It is body only which 
cannot be in two places at once; but there is 
nothing to prevent spirit, which has no relation to 
place, m virtue of its nature, to act at the same time 
on several bodies, situated in places very remote 
from each other; and in this respect it might be 
aaid, with truth, that it was in all these places at 
once. « * 

This supplies us with a clear elucidation of the 
omnipresence of God : it is, that his power extends 
tp the whole univejrse, and to all the bodies which it 
contains. It appears to me, of consequence, an im- 
pffoper expressron, to say that God exists every- 
where, as the existence of a spirit has no relation 
to place. It is more consonant with propriety to 
say, God is everywhere present. 

Let us now compare this idea with that of the 
Wolflians, who, representing Deity under the idea of 
a point, attach Him to one fixed |Mace, as, in fact, a 
point cannot be in several places at once ; and how 
IS it possible to reconcile the Divine omnipotence 
with the idea of a point ? 

Death being a dissolution of the union subsisting 
between the soul and body during life, we are en- 
abled to fornrsome idea of the state of the soul after 
death. As fhe soul, during life, derives all its know- 
led(^ thro^h the medium of the senses, being de- 
prived by death of the information communicated 
through the senseSt it no longoi^ knows what is 
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pasnng in the material worU ; this state might, id 
some respects, be compared to that of a man who 
should rU at once become blind, deaf, dumb, and 
deprived of the use of all the other senses. Such ■ 
man would retain the know)ed(e which he had ac- 
quired through the medium offense, and mifrfat con- 
tunie to reflect on ideas previously Tornied ; hii own 
actions especially might supply an ample store; 
and. Anally, the faculty of reasonitig mi^hl remaio 
entire, ss the body in no respect whatever contribotes 
lo its exercise. 

Sleep likewise furnishes us with BomethlDg like 
an example of this state, as the union between sod 
and body is then in a great measure interrupted ; 
though the soul, even in sleep, ceases not from ex- 
ertinc its activity, being employed in the prodnctio* 
of i^at we call dreanm. These drewis iire uinially 
very much disturbed, by the remailft,of the inflo- 
ence which the senses still exercise over the soul ; 
and we know by experience, that the mote this in- 
fluence is suspended, which is the case in very pr% 
found sleep, the more rettular and comiected Ue- 
wise our dreams are. Thus, aftef death, we wil 
find ourselves io a more perfect state of dreaming, 
which nothing shall be able to discompose ; it sbd 
consist of representations and reasoning peKectly 
well kept up. And this, in m^ opinion, ■• iieariy tO 
w« can say of it, at least with any appearance of 
leason. 

ISa Jmuary, 1761. 



LETTER XCIV. 

Coiuidtrttimt ontAt Aetianof tlM Siml^mH tltt Biif, 
mndofVu Body upon Me Soul. 

JU the sonl is the principal part of dKr beii^, it 
la of hi^ imporitance tltoron^ily to inveatignle >■ I 
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opentioiw. You will pleue to recollect, that Ihe 
union between the soul and the body contain* a two* 
fold influence ; by the one, the soul perceives and 
feeU all that passeH in a certain part of the brain; 
and by the other, it has the powep nf acting on that 
same portiou of the brain, and of producing certain 
motiona in it. 

AnatomiBtB have taken infloite pains to discorer 
this part of the brain, which is justly called the seat 
of the Boul i not that the soul actuaUy resides there, 
for it is not confined to any place, tnit becanss Uw 
power of acting is attach)^ to that spot. It may be 
said, that tbe soul is present there ; but not that it 
exiata there, or that its existence ia limited to it. 
Thia pan of the brain ia undoubtedly that in which 
all the nerves terminate ; now, anatomists t«U us 
that this termination is in a certain portion of the 
brain,* which 4ey term the ealioiu hody. Thia, 
therefore, w^bay consider as the seat of the soul ; 
and the Cmator has bestowed npon every sotd such 
a power over this callous membrane of hia body, that 
ii not only perceives all that passes there, but ia likei 
wise able to produce a reciprocal impreeaion. Here, 
then, we observe a twofold action : the one, by 
which the body acts upon the soul — and the other, 
by which the soul acta upon the body; but theae 
actions are infinitely dilTerent from those which 
bodies exercise upon oilier bodies. 

The soul, from its union with the corpua callonm, 
findsitselfintimately connected with the whole bodv, 
by means of the nerves, which are thence univeraalrr 
diHiised. Now, the nervea are fibres so wonderfiilly 
constructed, and to all appearance filled with a fluid 
■o subtile, that the slightest chanRtt which they un- 
dergo al oae'^ztremity is instantly communicated 
to we other extremity in the brain, where the seat 
of the soul, is. And, reciprocsUy, the elighteat im- 
pression miide by the soul on the estremitiea of the 
nenre, in the terjw* eallonnt, is immediately tiaiM- 
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bodiM are put in moUon, and obey the comtpanda 
of the aoul. 

This woDderiU atructure of the body |daces it ia 
« very cloae connexJoii with all estenor objecta,, 
whether near or remote, which may act upon it, 
oithar by immediate contact, aa in feeling and taat- 
ii^, or by tfaeir exhalations, as in amelling. .Bodie* 
at a great diatance act on this eenae of hearing when 
titey Bake a noise, and exert in the air vibratiooi 
whidi strike our eara ; Uiey act likewiae upmi the 
•tgtit, when they are illumined, and transmit into 
Our eyes the raya of light, which consist, in like 
manner, in a certain vibration caused in that me- 
4iim much more subtile than the air, which we call 
ttker. It is thua that bodies, both near and remote, 
nay act i^mn the nerres of our boi^ and produce 
, certainimpresaionsinthecorptucaifonanffrom which 
tbe soul derivea iia perceptions. 

From every thing, therefore, which makes an ini' 
'preeston on our nerves, there resolta a certain change 
in the brain, of which the soul has a perception, and 
thereby acquires the idea of the object which caused 
it. wis have here, then, two things to be exam- 
ined: the one is corporeal, or matenal, which is the 
tmpreaaion, or the change produced in the earjm* 
ealiotutn of the brain ; the other tpiritvai, namely, 
the perception, or the information, which the soul 
derives from it. It is, if I may so express myeetf, 
from the contemplation of what passes in the eorjmt 
eoUMunt, that all our knowledge is derived. 

You must pennit me to enter into a more par- 
ticular detail on this important article. Let us, iTrat, 
consider one single sense, say th^ of snielliBg, 
which, being the least complicated, seems tbefnoet 
proper to asaist ns in our researches. .Suppose all 
Uw other eenaea annihilated, and thafa rose wa» 
afftted to the bcm ; ita ej^ulation woald at obm 




which thenue transmitted to the corpiu ce 
occasion there likewise some chan^ ; and iit this 
consists the material circumstance which is the sub- 
tect of our investigation. This slight chu^, pro- 
duced in the cormt eaUotum, is then perceived bv 
the soui, and it thence acquires the idea of the smell 
of a rftse : and this is the ipiritwd operation which 
takes place: but we cannot explain in what maimer 
this is done, as it depends on the incomprehensible 
anion whiuh the Creator has established between the 
body and the soul. 



It is certain, however, that upon this chann ii 
ixe cantu cailotam, there is excited in the soiu th< 
idea of the smell of a rose, or the contemrtetion of 



this change furnishes to the soul a certain idea, that 
of the smell of a rose, but nothing more ; for as the 
other senses are suspended, the soul con form no 
Judgment of the naturu of the object itself which 
(Uggested this idea— the idea of the smell of a rose 
alone was excited in the soul. Hence we compre- 
hend that the soul does not form this idea of itself, 
for it would have remained unknown but for the 
presence of a rose. But further, the sonl is not in- 
different with respect to it ; the perception of this 
idea is agreeable ; the soul itself is somehow inter- 
ested in it. Accordingly, we say that the soul feela 
the odonr of the rose ; and this perception we call 

It is the same with all the other senses; erery 
object by which they are struck excites in the eorpiu 
e^ontm a certain change, which the soul observe* 
with a sensation agreeable or disaipeesble, and from 
which it derives the idea of the object which caused 
it. T^is idea is Mcompanied with a sensation so 
iriuch the stronger and more intense, as the impres- 
sion made on the corpus caUotvm is more lively. It 
is thus that the soul, by contemplating the changes 
produced ia tha eoqmt flhmtm M the main, acqokes 
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ideu, and it slfected by them ; and th» k wbsbv* 
nnderatoDd by the tens M 
I'M January, 1761. 



LETTER XCV. 
Of Mc FaadHa »f the BnJ, and of Judgment. 

Had we no other senM bat that of smelling, onr 
knowledge would be very limited i we should then 
have no other sensation than that of odours, the 
diversity of which, were it ever so greHt, could not 
very much interest our soul; being restricted to 
this, that agreeable smells would procure some de- 
gree of pleasure, and such as are disagreeable woidd 
excite some disgust 

But this very circumstance carries us forward to 
a most important inquiry : Whence is it that one 
smell is agreeable, and another disgusting 1 It can- 
not be a matter of doubt, thai agreeable amelte ex- 
cite in the eorpui caUoMum a different agitation from 
that which is produced by the disagreeable ; bet 
how comes it, that one agitation in the corpat ealh- 
ttun can give pleasure to the soul, while another is 
offensive, and even frequently becomes insupport- 
able I The cause of this difference resides no kuigtr 
in body and matter ; we must look for it in the ni- 
ture of the soul itself, which enjoys a certain plea- 
sure in feeling certain agitations, while others ex- 
cite uneasiness ; and the real cause of this effect in 
do not know. 

Hence we comprehend that the soul does mon 
thim simply perceive what passes in the brain, or 
MTpui cMomnt I it subjoins to sensation a judtmenl 
respecting what it finds agreeable or disgusting, ak 
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When the Binetls are changed, when you apply U> 
the nose a carnation after a rose, the soul has not 
only a perception of both smells, but likewtae re- 
marks a dilTerence between them. Hence we con- 
clude, that the soul sliU retains the preceding idea 
to compare it with that which follows ; in thia con- 
sists rtmimtcence, or memory, bv which we have the 
power of r«callinE ideas, anteceilent and past. Now 
the real source of memory is entirely concealed from 
us. We know well that the body has much to do 
in iti for eiperience assares us, that disease, and 
various accidents which befall the body, weaken and 
. frequently destroy the memory : it is equally certain, 
at the same time, that the recollection of ideas ii 
the proper work of the soul. A recollected idea is 
essentiitlly different from an idea excited by an ob- 
ject. I hare a perfect recollection of the mm which 
1 saw to-day ; but this idea greatty differs from that 
which 1 had while 1 was looking at the son. 

Some sulhors pretend, that when we recall an 
idea, there happens in the brain an agitation similar 
to that which first produced it : but if thia were the 
case, I should actuallv see the sun; it would no 
longer be a recollected idea. They admit, indeed, 
that the agitation which accompanies the recalled 
idea is much weaker than that from which the ori^ 
nal idea proceeded : but still 1 am not satisfied with 
this J for it would thence follow, that when I recall 
the idea of the sun, it would be much the Bane w 
lAea I see the moon, the li^t of which, you will 
plcaso to remember, is about 100,000 times waaJier 
-than that of the son. But astnally to look at the 



moon, Ad sirnply to recollect the aim, are two thinga 
ubsolutely different. ' 

We may say with troth, that the recollected ideas 
are the anme with the actual ideas ; but this identity 
respects only the soul ; with regard to the body, the 
actual ides ia accompanied with a certain agitation 
in the bratni whereas the recollected one is destitute 
of it Accordioglv, we say that the idea which I 
feel, or which an object acting on my senses excites 
in ray soul, is a sensation ; but it can with no (wo- 
wiety be said that a recollected idea is a seneatioo. 
To recollect and to feel always remain two things 
abeolntely different. 

When, therefore, the soul compares two different 
smells, when it has the idea of the one from the pres- 
ence of an object acting on the sense of smelling, 
and tbst of the other Irom recollection, it has in fact 
two ideas at once, the actual idea and the recol- 
lected idea ; and in pronouncing whether of the two . 
is more or less agreeable or disagree able, it exerts a 
IwiticuUT faculty, distinct from that by which it only 
contemidates what is presented to it. 

But the sonl performs still other operations, wheii 
a soccession of several different smells is presented 
to it : for while ii is struck with each of these in its 
bun, the preceding are recollected, and a notion ia 
thereby acquired of past and present, and even of 
Aiture, when new sensations are proposed, similar to 
those of which it has already had experience. It 
thence likewise derives the idea of succession, in as 
much as it undergoes several impressions eucces- 
sively; and hence results the idea of duration, and 
of time. Finally, on remarking the diversity of sen- 
satione which succeed each other, it begins to reckon 
Mu, two, three, Ac, though this should not go far- 
ther, from want of signs or names wherewith > to 
mark numbers. For supposing a man has just be- 
gan to exist, and who has hitherto experienced no 
•eoMtions but those of which 1 have been speaking, 
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hi from haviiif created a language for himBclf, be 
only knows how to exert his first faculties on the 
simple ideas which the sense of smelling presents 

You see, then, that the man in question haa al' 
ready actjuired the capacity of forming to himself 
ideaaofdiyersity of the present, of the past, and even 
of the future; afterward, of succession, of the du- 
ration of time, and of number, or at least of the ele- 
ments of these ideas. Some authors pretend, that 
sach a man could not acquire the idea of the dura- 
tion of time without a Hacceasion of different sen- 
aations : but it appears to me that the same sensa- 
tion, the smell of the rose, for example, being con- 
tinued for a considerable time together, he would be 
differently affected by it than he woold if it wer« 
fvesently withdrawn. A rery long duration of the 
same sensation would at len^h become tiresome, 
which would necessaril;r excite in hnn the idea of 
duration. It must certainly be allowed, that his soiA 
wouldbeaensibleof a very different effect if the sen- 
sation were continued long, than if it lasted only for 
a moment ; and the soul will clearly perceive this 
difference ; it will accordingly have some idea of 
duration an^of time, without any variation of th« 
sensations. 

These reflections which the soul makes, occasicHied 
by its sensations, are what properly belong to its 
tfiriiiuilily, the body furnishing only simple sensa- 
tions. 1*116 perception of these sensations is already 
an act of the soul's spirituality ; for a body caQ 
never acquire ideaa. 

aoa Jmuary, 1761. 



LETTER XCVl. 

CMimclwn 0^- tie ErUlnce ef what mm p en* -) * hf (A« 
Sente*. Of tkt UeaiisU, EgotaU, mtd Mat— 

In all tbe eenaatinnB which we experience wben 
one of OUT senees is stnick by nny object, it ia ■ 
matter of hiph imporUmce to remark, that the mmiI 
fiot only acquires an idea conformed to the imprewkm 
made on the nervea, but that it judges, at the sama 
time, there must esiet an exterior object, wliich fnt- 
nished this idea. Though habit makes ub coasidef 
this judgment bb extremely natural, yet we have 
reason to tte astonished at it, when we examine more 
attentively what then passes in our brain. 

An example will place this in a clear ligtit. I ahall 
sn^^KMe you looking at the full moon by niifltt ; tfaa 
nys which enter into your eyes will at once paint 
on the retina an image similar to the moon, for the 
ninute particles of the retina are by the ray* pat 
into a vioration similar to that which asituea tboM 
of the moon. Now the retina being only a contex- 
ture of nerves extremely auhtite, you easily com- 
prehend that these nerves must hence nnoerfo a 
certain agitation, which will be transmitted to the 
origin of the nerves in the brain. There will be ex- 
cited, therefore, likewise in thnt portion or the biais 
a certain agitalion, which is the real object that the 
Boul contemplates, and from which it derives a 
article of linowled^, which is the idea of the moan. 
Consequently, the idea of the moon is nothing tm 
bat the contemplation of this slight agitation affect- 
ingthe origin of the nerves. 

The activity of the soul is ao much attached to 
the spot in which the nerves terminate, that it abao- 
lutelj kaowi nothing of the imagea painted oa tb* 
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bottom of the eye, and still leas of the moon, whoaa 
ny» hare formed these iroages. The soul, however, 
does not salJBff iuelf with the mere Bpectilatioa ot 
the iigitation in the brain, which supfdies it imme- 
diately with the idea of the moon ; it subjoioB to thii 
the Jbdfmeat, that there really eziBts out of us an 
object which we call the mooo. This judgment ia 
rediHWd to the following reasoning : 

Tliei« has taken place in my brain a certain agtt*- 
tiontkcertainimpreasioni I do not absolutely know 
by what cause it haa been produced, as I know 
nothiogerenof the images which are the immediate 
cause of it upon the retina; nevertheless, I boldly 
pronounce that there is a body out of me, the moon, 
which Bvp[^ed me with this sensation. 

What a consequence ! Hay it not be more prol^ 



tile motion of the blood, or perhaps merely by 
chance ! What right have I, then, to oonclode that 
tlie moon actually exists < If 1 conclude from it, 
that there Is at the bottom of my eye a certain 
tmage, this might paas ; aa, in fact, tois image is tba 
immediate cause of the impression made on the 
bnia ; thongh it was snfflciently bold to haxard 
even this conclusion. But I fo much farther, aM 
because there is a certain agitation in my brain, 1 
woceed to conclude, that there exists, out of my 
body, nay, in the heavens, a body, which is the mI 
cause of such impression, and that this body is the 
moon. 

In slee;), when we imagine we see the moon, the 
soul acquires the same Mea; and perhaps a siiBilar 
agitation is then produced in the brain, as the soul 
inagines that it then really seeo the motm. ll is 
undoubtedly certain, that in this we deceive oui^ 
MlvM ; bat what asaorance have we that our Judc- 
MMtUbetUrfimuled wkenwe m Bwakal ftm- 
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loMphen have lo§t their way morf t 
endeaTouring to solve this difficulty. 

What 1 have jnat said respecting the moon takes 
jdace with regard to all the bodies which we 8^ 
The consequence is not apparent, that there aiust 
exist bodies out of us, because onr brain imdetsoes 
certain agitations or impressions. This applies eren 
to our own limbs, and to our whole body, of which 
we know nothing but by means of the senses, and 
of the impressiODB which they make in the brainy 
if, then, these impressions, and the ideas which the 
Boul derives from them, prove nothing as to the ex- 
istence of body, that of our own body becomes 
equally doubtful. 

You will net therefore be surprieed, that them 
■hoidd be philosophers who have openly denied the 
existence of bodies ; and in troth it is not ea^ to 
refute them. Thev derive a very strong arguroent 
ftom dreams, in which we imagine that we see so 
many bodies which have no existence. It is said 
with truth, that then it is pure illusion ; but what 
assurance have we that we are not under the power 
of a similar illusion when awake T According to 
these philosophers, it ia not an illusion : the aoul, 
they admit, pereeives a cettaia impression— en idea ; 
biA fliey boldly deny it lo be a consequence, that 
bodies really exist which correspond to those ideas. 
The supporters of this system are called idcalitu, 
became they admit the idtat only of material thin^ 
and ^leotutely deny their existence. They may 
likewise be denominated tpiriiwiliiu, as they maiiv 
tain that no beings exist except spirits. 

And as we do not know other spirits but by 
aieaiw of the senses, or of ideas, there are phihMO- 
phers who go so far as to deny the existence of s^ 
spirits, their own soul excepted, of the existence of 
wUch everyone is completely convinced. TheM 
an called ««otM(>, because ihey pretend thrt noUnqg 
.enita but their own soul. 
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To them are oj^sed the philosophers whom we 
denominate nuUerialisUf who deny tne existence of 
spirita, and maintain that every thing which exists 
is- matter, and that what we call our soul is only 
matter extremely subtile, and thereby rendered capap 
Ue of thought. 

94^ Janmry^ 1761. 



LETTER XCVn. 
lUfiUatum of the IdeaiisU. 

I WISH it were in my power to furnish you with 
the arms necessary to combat the idealists and the 
egotists, by demonstrating, that there is a real con- 
nexion between our sensations and the objects them- 
selves which they represent ; but the more I think 
of it, the more I feel m> own inci^ncity. 
» It would be ridiculous to think of engaging with 
the egotists ; for^^i man who imagines he alone ex- 
ists, amd who does not believe in my existence, would 
act in contradiction to his own s^tem if he paid 
any attention to my reasoning, which, according to 
hi^i^ woidd be that of an imaginary being. It is 
likewise a hard task to confute tne idealists — nay, it 
i^ impossible to convince of the existence of bodies 
a* roan obstinatelv determined to denv it. Though 
ao such philosophers existed, it would be highly i|^ 
teresting to be able to convince ourselves, that as 
often as our soul experiences sensations, it may be 
wi^h certainty concluded that bodies likewise exist; 
and that, when my soul is affected by the sensation 
•f the moon, I may thence boldly infer the existence 
of the moon.^ 

But the union which the Creator has established 
between the soiil and the brain is a mystery so un- 
fathomable, that all our knowledge of it amounts 
onlytothis: certain impressions made in the bnia» 
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where the seat of the son] is, excite in H cerOfai 
ideas nr sensstions ; but the cause of this inSuencc 
is BtMOlut«lr unknown to us. We ought to sitiaiy 
Ounelves with knowings that thia influence wibatal», 
which experience aufflcientl]' conGnns ; and it i« in 
vain to investigate how this is produced. Now, tte 
wme experience which proves it informs us like- 
wise that every sensation always dispoq^ the soul 
to believe that there exists, out of it, some object 
which excit«d such sensation ; and that aenaaticHi 
diecoveTS to us several properties of the object. 

It is, then, a most undoubted fact, that the sonl 
alwajrs concludes, from any sensation whatever, (lie 
existence of a real object out of us. This is ao 
natural to us from our earliest infancy, and ao uni- 
versally the case with all men, and even with ani- 
mals, that it cannot with any propriety be called a 
prejudice. The dog that bants when ne aeea me a 
certainly convinced that I*exiat ; for my mvseoce 
excites in him the idea of my person, n^ dog| 
then, is not an idealist. Even im meaneat inaecta 
are assured thnt bodies exist out of them ; and they 
could not have this conviction but by the aensatiiHis 
axcited in their souls. 

1 beUeve, therefore, that sensations include MMh 
more than those philosophers are dispoaed to adput. 
They are not only simple perceptiODa of ceitaia im- 
pressions made m the brain ; tney supply the aod 
not with ideas only, but they effectivery repnaeA 
to it obiects externallj' ezistiog, though we canwC 
GOmpreneod how this is done. ^ | 

In fact, what resemblance can there be betwM 
the luminous idea of the moon, and the alight mt- 
pression which its rays may produce in the btaiitv 
means of nerves * 

The idea, even in as far as the mm perceive* it, 
has nothing material ; it is an act ofthe houI, whidi 
is a sDtrit : it is not necessary, therefore, to look ft* 
« nu relation between the jmpresaioQs of the b^ 
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aal the ideas of the soul; it is sooujititfor ns to 
ktiow that certain impressions made in the brain ex- 
cite certain ideas in the soul, and that these ideas 
are representations ot objects externally existing, - 
of whose existence they give us the assurance. 

Thus, when my brain excites in my soul the sensa- 
tion of a tree, or of a bouse, 1 pronounce, without 
hesitation^ that a tree, or a house, really exists out 
of me, of which I know the place, the size, and other 
properties. Accordingly, we find neither man nor 
beast who caUa this truth in (luestion. If a clown 
should take it into his head to conceive such a 
doubt, and should say, for example, he does not be- 
lieve that his bailiff exists, though he stands in his 
presence, he would be taken for a madman, and with 
good reason ; but when a philosopher advances such 
sentiments, he expects we should admire his know- 
ledfte and sagacity, which infinitely surpass the ap- 
prehensions of the vulgar. 

It spears to me,^u:cordingly, abundantly certain 
that such eitrav^ant sentiments would never have 
been maintained, but from pride and an aOectation 
of sinjpilarity ; and you will readily believe that the 
Goutmon people have, in this respect, much more 
good sense than those learned gentlemen who derive 
no other advantage from their researches but that 
of bewildering themselves in a labyrinth of chime- 
ra unintelligible to the rest of mankind. 

lUt it be established, then, as a certain rule, that 
every sensation not only excites in the soul an idea, 
but shows it, if 1 may so express myself, an external 
otiiect, of whose existence it gives full assurance 
without practising a deception. A very formidabto 
t^ertion, however, is started against this, arising 
from dreams and the reveries of sick persons, in 
which the soul ayperiences a great variety of sflna&- 
ttona of objects which nowhere exist. Tne only re- 
flection I shall suggfcst on this sutiject is, that it must 
be very natural for us to Judg* that the objects, .IM 
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oMiBMioB oTiltiich the soul experieoces, redljexM, 
■8 we Judge after this manner even in sleep, thoi^h 
tben we deceire cnmeli^si bat it does not thene* 
follow that we likewise deceive oiirselTe* «rben w« 
■re awake. In order to remove this objection, ft is 
necessary to know better the difference of the state 
of the man who is asleep and of him who wakea ; 
and none, pertiapa, know this leas than the leuned, 
which most sorely be a matter of tome siiii»iBe 
to you. 
V7(A /imuiirjr, 1761. 



LETTER XCvni. 

T%e Faculty tf Ptreeitir^. Semmixtnct, Uttmory, 
mod Alteniion. Simple and eontpaund Ideat. 

Yoo are by this time sensible that objects by aet- 
ing upon our senses excite in ttie soul sensalions, 
flrom which we judge that ihey rfally ewsl out of 
ns. Though the irapreasions which occasion these 
sensations are made in the brain, they present, then, 
to the soul a species of image similar to the ot^ect 
which the soul perceires, and which is calM the 
tttuible idea, because it is cscited by the senses. 
Thns, on seeing a dog the sonl acquires the idea of 
it ; and it is by means of the senses that the sori 
comes to the knowledge of eztenial objects, airf 
acquires sensible ideas of them, which are the 
finmdstion of all Our attainments in knowledge. 

This ftcul^ of the soul, by which it acquires tbe 
knowledm or external things, is denoniiiuued tb« 
foaahfjf pereeption, and depends, no doubt, on Ae 
woaderiat union which the Creator has f^taUisbtd 
between the soul and the brain. NOw the sonl hsi 
Still another faeuhy, that of recalling idexs aheadr 
eomnramcated bv ti« senses ; and this factdty h 
magination. Thng, hxii^ 
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oDce seen an elephant, jtm will be bUJK racoSect 
tbe idea of that animal, though it is nof^er before 

S'lx. There is, however, a mighty dtflereace b^- 
een actgal and recollected ideas : the former 
make an impression much more lively and intereat- 
iug than the latter ; but the faculty of recalling ideas 
ia the principal source of all our knowledge, 

Kd we lose the ideas of objects as soon as tbey 
cease to act upon our senses, we should never ba 
able to make any reflection, any comparison i and 
OUT knowledge would be entirely confined to the 
things which we should feel at the moment, all pre- 
ceding ideaa being eztingiashed, as if w* had asTer 
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It is, tberlfore, a faculty essential to reasonable 
beings, and with whkh animab too are endowed, 
that of being able to recollect past ideas. You knoir 
the facul^ of which I speak is numory. It by no 
means follows, however, that we have it always in 
our power to recall all our past ideaa. ' How fre- 
quently do we exert ourselves in vain to recollect 
certain ideas which we formerly had '. Sometimes 
we fowet tiiient entirely ; but for the most part only 
partialfy. 

If yon should h^ipen, for esample, to forget the 
demonstration of the Pythagorean theorem, with 
ail your efforta, perhaps, yon should not be able to 
recollect it — but this would be only a partial forget- 
(ulness; foras soon as I hadagain drawnthe figure, 
and put you in the train of the demonstration, yon 
will presently recollect it ; and this second demon- 
stration will make on your mind quite a different 
impres^on from the first. We see, then, Uiat the 
reminiscence of ideas is not always in oor power, 
though they may not be wholly extinguished ; snd 
B slight circmnstance ii frequently capable of repio- 
dncing them. 

' W(! must therefore carefully distinguish between 
■ensible and recollected ideas. Sensible ideaa aie 

Vol. 1.— E e 
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npieMnted^ lu by the sensea ; but we oonelra 
tarn neeUictbi ideas on the model or the BeonUe, 
u br u we remember them. 

The doctrine of ideas is or the last impoftaiic« Tor 
the puipose or a thorough diflquiaition of the real 
sonices of human knowledge. And, first, ideaa are 
dialinguiahed into nmnfs and ctmpltx. A aimide 
idea ia that in which tde aoul finds nothing to m- 
tingniah, and remarks no parts different from each 
other. Such is, for example, the idea of a smell, or 
of a spot on a substance of one colour ; such is Ifte- 
wiae that of a star, in which we perceive only one 
Inmiooua point. A complex idea is a represenUtioD 
in which the aoul is able to distinguish seveisl differ- 
ent things. When, for instance, welool attentively 
U the moon, we discover several dark apots, sur* 
rouDded by contours more luminous; we remuk 
also her round figure when she ia full, and her 
homed figure when waxing or waning. On viewing 
her through the telescope, there are many other par- 
ticulars distinguishable. 

How many different things do we not peiteWe in 
beholding a noble palace, or a fine garden 1 When 
you do me the honour to read this Letter, you wiU 
oiacof er in it the different traits of the characters, 
which yon can with ease distiDKnish from each 
other. This, then, is a comfJex idea, as it contains 
a variety of simple ideas. Not only this Letter, 
taken in whole, presents a complex idea, from its 
consisting of a plurality of words ; but every word 
too is a complex idea, being composed of seveTd 



characters ; nay, every character is one, from tbt 
singularity of the form which distinguishes tt fron 
others ; but the elements or points wnicli conatitsls 



every character may be considered as siniple idssi, 
inaanuch as you no longer perceive in them an; 
diversity. A greater degree of attention wtU like- 
wise discover some variety in these ' 
viewing them through a micioKope. 
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lliere is a great difference, therelbTe, erenin the 
tnanneT of contemplating objects. When we ob- 
serre them only slightly and transiently, we per- 
ceive very little variety ; but to an attentive coBsider- 
ation, every particular detail siands disclosed. A 
Bavaf^e, on throwing hia eyes over this Letter, wUI 
take it for a piece of paper scribbled all over, and 
will distinguish only the black from the white, 
whereas an attentive reader observes in it the peop- 
liar form of every character. Here, then, we have 
S new faculty of the soul, denominated otlmhon, by 
which it acquires the simple ideas of the different 
things that meet in one object. 

At- ntion requires address, the result of long and 
ft«qu ' exerctse, to render it capable of distinpuab- 
ing thb different parts of an object. A clown and 
an architect, passing by a palace, will both receive 
the impression of ine rays which enter into their 
«yes ; hut the architect will discover a thouaaod 
minute particulars of which the clown has no per- 
ception. Attention done produces this difference. 

3UI /oBiMry, 1761. 



LETTER XCIX. 



Ir we Goiuider, in a alight manner onl^, a repre- 
■entation made to us by the sensea, the idea wmoh 
we acquire from it ia very imperfect, and we eay it 
ia obteure ; but the more attention that we employ 
to diatingujsh all its parts, the more perfect or dit- 
tmel our idea will become. In order to acquire a 
perfect or distinct idea of an object, it is not then 
■aflicieot that it should be represented in the biain 
by impreHiona made upon tl» senses — the soid too 
must apfAy its attention, which is proper); an Mt 
of the BOol, independent upon the bodj'. 




. 1 



It is (arfter neceasary that the , 

the braJD should be well expressed, and contain tb 
diflWrent ^rte and qualities which cbaractenxe tfac 
object. This takes [dace when the object is n» 
■ented to the seiwes in a suitable manner. When, 
for eBani]^e, I see a piece of writing at the distance 
of ten feet, I am unable to read it, let me employ 
whateTer degree of attention I may -, the distanee 
«r the charactets prevems their being xccuiaie^ 
expressed on the bottom of the eye, and como- 
i]uently also in tiie brain : but if the same writing is 
liroiight to a proper distance, I can read it, becwiM 
then all the characters are distinctly represented m 
ttw bottom of the eye. 

VOH know that we employ certain iastTUBwats in 
ordw bi procure a more perfect representation ia 
the OTgana of sense, such as microecopes aitd t^e- 
scopes ; which are intended as snpplemeats to the 
-impierrection of vision. But, in employiiig their ■•■ 
-sistance, we are incapaUe of attaming a distinct 
idea without attention ; otherwise we acoaire but 
an obscure idea, nearly such as we should nave bad 
by taking a^ glimpse of the object only. 

1 have already remarked, that sensations are by 
no means indifferent to the soul, but agreeiMe or 
diaagreeable ; and Ihjs agreeableness, or its t^ipoute, 
«iciteB onr attention, nnlese the wul is pre-occu^ai 
by several other setisBtionB which entirely engross 
it : this last state of the soul is termed duiraehoL 
• Exercise hkewise greatly contributes to stnagthea 
attention: and there cannot be a mode of exeicMt 
more suitable to children than teaching them to read: 
fix- they are thereby laid under the necessity of fix- 
ing their attention successively on every characHr, 
and of impressing on their minds a clear idea of tte 
i^ure of each. It is easy to see that Uiis exercise 
IMist be at firet extremely painful ; but rach a h^iit 
ia so speedily acquired, that even a child, aAer i 
Utto S{^)li(»tKiii, can read with Mtoniahint yiirt- 
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nesi. In reading; a piece of writing, we muat hare 
a Tciy distinct idea or BTsry character; thuaatten- 
tion IS susceptible of a very high degree of perfeq- 
tion frotn exercise. 

With what amazing rapidity will a proficient \a 
music execnte the most difficult piece, though be 
never saw it before ! It ia certain that his attention 
most have run over all the notes, one alter another, 
and that he remarked the aignificalion of each. His 
attention, however, is not confined only to these 
notes ) it presides likewise over the motion of the 
Angers, not one of which moves but .by au e^treta 
order of the soul; he remarks likewise, ai tbesaoie 
time, how the other performers execute their parta. 



carriu by application and exercise. Show the at 

piece of music to a begimier ; how much time does 
it require to impress on his mind the signiflcation 
of everv note, and to give him a eompl^ idea of 
it : while the master acquires it by almost a single 
glance. 

This ability extends equally to all other kinds of 
objects, in which one man mav infinitely surpass 
another. There are persons who, with one ^aaoe 
fixed on a person paasing before them, acquire a 
distinct idea, not only of all the features of the &ce, 
hot the particidars of his whole dreas, down to the 
minutest trifles, while others are incap^Ua of re- 
marking the moat striking oircumstaiKea. 

We cbserve, in this respect, an infinite diffeience 
among men. Some promptly catch all the diffeirest 
marks of an object, and form to themselves a distinct 
idea of it, while that formed by others is extremely 
obscure. ThiBdifferencedepenila,notonlyonroeQtal 
penetration, but likewise tm the nature of the objects. 
A musician catches at onoe the whole piece of music, 
and acquires a distinct idea of itj but present him 
with a piece of writing in Chinese ctunotoisi ait4 
£eS 
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he wiB have otilT very obacuro ideu indeed or «acfa 
vritiiv: the Chmese, on die coDtniry, will know at 
fint ught the real import of each character, but 
will, in Bis turn, uaderatand nothinf of musical notes. 
The botanist obserrea in a plant which he oerer 
Saw before a thousand partici^ara which escape the 
attention of another; and the architect diaceras, br 
a single glance, in a building, many things which 
another, with a much greater degree of attenticHi, 
conid not have discoverad. 

It IB always useful to form distinct ideas of the 
objects presented to onr aenaea ; in other words, to 
remark all the parte of which they are composed, 
and the marks which distinguish and characterize 
them. From these obserrationa yon will easily cora- 

Gehend the division of ideaa into obscure and clear, 
to confused and distinct. The more distinct they 
are, the more th^ coatrilnte to the advancemeat M 
' knowledge. 

Sd Ftbrwry, 1761. 



Of lie Abtlraetion of Hotioiu. Notitmt gentrti ati 
indioidaaL Of Qenut and Sptda. 

Thi senses represent objects only which exist 
externally; and sensible-ideas all referto them; bnt 
of theae sensible ideaa the soul forms to itself a 
variety of other ideas, which are indeed derived 
from these, but which no longer represent objects 
really existing. 

When, for example, I look at the full moon, and 
fix my attention only on its contour, 1 form the idaa 
of roundness ; but I cannot affirm that roundness 
exists of itself. The moon is round, bat the roond 
figure does not exist separately out of the moon. It 
is the same with respect to all other figures ; and 
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^Aen I MO a triangalar, or square table, I amhxn 
the idea of a tiianrie, or of a aqoare, thoagfa auch 
S flgore esista nowHere of itself, or Mpaistely from 
air object poaaessinff that figure. 
The id«aa of nomDera have the same origin, 
son*, the soul fom 
ir three, without attaching it any k 
aa. Having already acquired the 
of three, the soul is aUe to proceed, and to form the 
ideas of greater numbers, of four, five, ten, a hundred, 
a thousand, aul so on, without erer having precisely 
seen so many things together. A single mstanoe, 
therefore, in which we have seen two or three ob- 
jects, may carry the soul forward to the forma- 
tion of the ideas of other non^rs, be they ever so 

The same thing hcMa as to flnirea ; and you have 
the power of forming to yonreeU the idea of a poly- 

Ka, with 1761 sides, for example, though yoa never 
TB seen an object of that fonn, and though no one 
such, perhaps, ever existed. 

Here the soul exerts a new faculty, which is called 
the power of ^traction ; this takes place when the 
soul fixes lie attention on only one quantitT or quality 
•f the oMect, and considers it separately, as if it 
were no longer attached to tbe object. When, for 
instance, 1 put my band on a heated stone, and con- 
fine ny attention to the heat only, I form from it 
the iitSi of heat, which is no longer attached to the 
stone. This idea of heat is formed bv abstraction, aa 
it is separated from the stone ; ana the sool m^;fat 
bare derived the same idea trom tonchiDg a piece 
of wood heated, or by plunging the hand into hot 

Thns, by means of abstraction, the soul forms a 
Aoosand other ideas of the qoantities and {noperties 
of objects, by separating them aiterward from tba 
ob|ecta themselves: as, when I see a red coat, and 
Ax my attention only on the colour, I fonn the idea 
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of red, separate from the coat ; and it is obvious that 
a red flower, or aov other substance of that colour, 
would have enabled me to form the same idea. 

These ideas, acquired by abstraction, are denomi- 
nated nohinu, to distinguish them from sensible ideas, 
which represent to us objects really existing. 

It is aJlesed that the power of abstractioa is a pre- 
rogative of men, and of other rational beings, and 
that the beasts are entirely destitute of it. 1. beast 
may experience the same sensation of hot water that 
we do, but is unable to separate the idea of heat and 
that of the water itself: it knows heat only in so far 
as it is connected with the water, but has not the 
abstract idea of heat which we have. It is said that 
tbeae notions are geoeral ideas, which extend to 
aeveral things at once, as we may find h«at in stone, 
wood, water, or any other body; but our idea of 
hrat is not attached to any one body ; for if mv idea 
of beat were attached to a certain stone, whicn firet 
supplied me with that idea, I could not affirm that 
wood or other bodies were hot. Hence it is evident, 
that these notions, or general ideas, are not attached 
to certun objects, as sensible ideas are ; and as they 
distinguish man from the brute creation, they prop- 
erly exalt him to a degree of rationality wool^ 
tmattaini^Ie by the beasts. 

There is still further a species ot notions, likewise 
formed hj abstraction, which samly the soul with 
the most important sul^ects on whidi to employ its 
powers : these aro the ideas of geimt and tpeeia. 
When I see a pear-tree, a cherry-tree, an ^ile-tree, 
an oak, a fir, Ac, aU these ideas are dillerent ; I 
nevertheless remark in Uiem several things which 
they have in common ; as the trunk, the branches, 
and the roots ; 1 stoo short only at those things which 
the dillerent ideas nave in common, and the object 
in which all such qualities meet I call a tm. Thus 
the idea of tree which I have formed in this manner 
is a gentral noium, and comprehends the sensibla 
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Meaa of the pear-tree, the apple-tree, and, in general, 
of every tree that exists. 

Now, the tree which conesponda to mj idea of 
tree nowhere exiata; it is aot the pear-tree, for 
then the ^ipla would not be compTehended nnder 
it ; for the same reason, it is not the cbenr-tree, nor 
tbe plum, nor the oak, Ac. ; in a word, it exisia 
only in my soul ; it is only an idea, but which is 
realized in an infinite namber of objects. In like 
manner, when I speak of a ckerry-tne, it too is a 
general notion, which comprehenoa a& the cherry' 
trees Uiat exist : this notion is not restricted to a 
particnUr cheiry-tree in my garden : for then ereiy 
other cherry-tne would be excluded. 

With reelect to mnerd notions, every existing 
obiect, comprehend^ under one, is denominated an 
iudioidtial, and the general idea, say that of tbe 
cherry-tree, is denominated tpteiei oi rtmu. Tlieae 
two words signify nearly the same thing, but genus 
•s the more comprehensive, including in it avEuiety 
of species. Thtis the notion of a tree may be con- 
■idwed as a genus, as it inclndes the notions of pear^ 
trees, apple-frees, oaks. An, and so on, whicb are 
■[lecies ; and of so main' othera, each of which con- 
tains a great number of existing individuals. 

This manner of foiming genual ideas is, therefore, 
likewise performed by abstraction ; and it is here 
ehieiy that tbe iool exerts tin actirity and performs 
the opeiatiotts from which all our knowtedge is de> 
lived. Withont these general notioii^ we sbotdd 
4iAr nothing from the brutes. 
^ 7a JWnMry, 1761. 
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Of language I 
in eroer to tA 
CtUtiualum of Knoaledge. 

Whatbtib aptitude a man may hare to exercise 
the power of abetraction, and to furnish himself with 
(^eral ideas, he can make no considerable progreaa 
without the aid of language, spoken or written. 
Both the one and the other contain a variety of 
words, which are only certain signa corresponding' 
to OUT ideas, and whose signification is settled by 
cnstora, or the tacit consent of several men who live 
twelher. 

It would appear from this, that the only purpose 
of laugua^ to mankind is mutually to communicate 
their sentiments, and that a solitary man might do 
rery well without it ; but a little reflecUon only is 
necessary to be convinced, that men stand in lieed 
of laiunage, as much to pursue and cultivate their 
own thoughts Bs to keep up a communication with 

To prove this, I remark, first, that we have scarcely 
I woid in any language whose signification is al- 
tachedtoonemdividualubject. If each cherry-tree 
in a whole country had its proper name, as well as 
every pear-tree, and, in general, every individnal 
tree ; what an enormous comjdication in language 
would result from it '. Were 1 under the oecessity 
of employing a particular term to denote every sheet 
of pt^r in my Dureau, or if I should, from caprice, 
think fit to give each a particular name, this would 
be as useless to myself as to others. 

It is, then, a very imperfect description of lan- 
guage to say, that men have, from the first, imposed 
im all individual otijects certain names to serve then 




liotions ; and jrou will ranhr nnd an« which muka 
only a single individual. The name Altaander the 
Qrial is apf^cable to one puliculai person; but 
thea it is a compound name. There may have been 
many thoDsandsof Alexanden; and theepithet^r-Mf 
extends to an infinite number of things. It is thus 
that all men bear names, to distinguish tiiem from 
othen, though these names may be frequently com- 
mon to many. 

The essence of a language consists rather in ita 
contBining words to denote general notions, as that 
of tree corresponds to a prodigious number of indi- 
Tidual beings. These words serve not only to con- 
vey to others, who understand the same language, 
the same idea which I affix to the words ; but they 
are liliewise a great assistance to me in representing 
this idea to myself. Without the word tree, which 
represents to me the general notion of a ti-ee, I must 
imagine to myself at once a cherry-tree, a pear- 
tree, an apj^e-tree, a fir, &c., and thence ertract 
what they navt; in common. This vrould neces- 
sarily oppress the mind, and speedily involve it in 
the greatest perplexity. But tiaving, once for all, 
determined to express by the term tree the general 



occasion to recollect its origin ; and accordingly, the 
.word tne alone, for the most part, constitutes the 
object of the soul, without the representation of any 
real tree. 

Tlie word man is, in like manner, a eign to denote 
the general notion of what all men have m conunon ; 
and it would be very difficult to tell w to make the 
•numeivtion of all tliat this notion contains. Would 
yon say that he is a living two-leroed bein^ 1 A 
cock would likewise be included in uiis descnption. 
Would you say, in words of Plato's definition, that 
ha it a two-l^i«d animal without fMthen I Yov 



ten onl7to atrip fte ooc& of his featbera, in orier 
to obtain ths Platonic man. 

I do not know whether tboae who mj that man i» 
an animal endowed with tewon, express themaelTea 
Bore accurately ; for how often do we take Tor men 
certain beings of whose rationaUhr we have bo a»- 
snrance. On viewiti^ an army, I have not the least 
dotibt that every aoUier is a man, though I have not 
the smalleat proof that they are all endowed with 
reasoD. If I were to make an enumeration of all 
the members necessary to constitute a man, same 
men woqld always be found defective is one, pnb 
haps in several of theae, or we rai^ht And some beast 
who had them all. On inveatigatmg, therefore, the 
origin of the general notion of man, it is almost 
imposaible to say wherem it consols. 

No one, however, has any donbt respecting the sig' 
niitcBtian of th» word ; because every one, wishiw 
to excite this notion in his soul, has only to thiiu 
en the word man, as if he saw it written on paper, 
or heard it pronounced, according as the respective 
language of any one may tw. 

Hence we see that, for the most part, the objects 
of our thoughts are not so much the things thera- 
selvea, as the words by which these things are de- 
noted in language ; which greatfy faciGtates the ex- 
ercise of thought. What idea, m fact, do we asso- 
ciate with the terms virtue, liberty, goodiutt, Ac. T 
Not sorely a eensibte image ; but the soul, having 
once formed the abstract notions which correspend 
to these terms, anerward substitutes them in its 
tbooghta, in place of the things which they denote. 

You may easily conceive how many atotractiODS 
it was necemaiy to make, in order to arrive at Iha 
notion of virtut. The actions of men were first to 
be considered ; they were then to be compared with 
the dntiea imposed on them ; in oiHueqnenceof this, 
w« give the name of tirtu* to the disposition which 
a HBn has to regulate his actiiHiB coitfermaMy to his 




dntin. BatiOnheBxingthe word tw-tee rapidly pro- 
notmced in cbnvetsatioa, do we always connect with 
it UuB complex Dotion ! And what idea is excited 
in the mind on hearing the particle and or alto pro- 
nounced! It ia readily Been that these words import 
a species of connexion; but take what pains you 
please to describe this connexion, you will And your- 
self under the necessity of employing- other words, 
whose signification it would be equ^y difficult to 
explain ; and if I were to attempt an exfrianatioD of 
the import of the particle and, I must make frequent 
use of that rery particle. 

You are now enabled to judge of what advaittam 
language ta to direct our thoughts ; and that witli- 
oot language we should hardly be in a condition lo 
think at all. 

lOlA Ftiraary, 1761. 
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Of tht Perfietimi of a Langw^e. JudgmetU* and 
Nature of Propotitiotu, affirmattDe ami ntgatiot; 



I BATB been endeavouring to show yon bow neces- 
sary lan^a^ ia to man, not only for the mutual 
communication of sentiment and thought, hut like, 
wise for the improvement of the mind and the ex- 
tension of knowledge. 

Thesesigns or words reoresent, then, general no- 
tions, each of which is applicable to an infinite num- 
ber of objects : as, for instance, the idea of hot, and 
of heat, toeveryindividual object whicbishot; and 
the idea or general notion of tree is apphcatde to 
every individual tree in a sarden or a forest, whether 
dierries, pears, oaks, or nis, tic. 

Hence yqu must be sensible how one language 
' ) mom perfect than another. A language 



nay be r 
Vol. I.- 
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alwayB is so in proportion as it is in a condition 10^ 
express a greater number of general notions, fonned 
by abstraction. It is with respect to these notionB 
that we must estimate the perfection of a language. 

Formerly, there was no word in the Russian Ian- 
gnage to express what we call justice. This was 
certainly a very great defect, as the idea of Justice 
is of very great importance in a great number of our 
judgments and reasonings, and as it is scarcely pos- 
sible to think of the thing itself without a tenn ex- 
pressive of it. They have accordingly supplied this 
defect by introducing into that language a word 
which conveys the notion of justice. 

These general notions, formed by abstraction, are 
the source of all our judgments and of all our rea> 
sonings. A judgment is nothing else but the affirma- 
tion, or negation, that a notion is applicable, or in- 
applicable ; and when such judgment is expressed 
in words, we call it a proposUian, To give an ex- 
ample: All men are mortal^ is a proposition which 
contains two notions; the first, that of men in 
general — and the second, that of mortality, which 
comprehends whatever is mortal The judgment 
consists in pronouncing and affirming that the notUn 
of mortality is applicable to all men. This is a judg- 
ment, and being expressed in words, it is a proposi- 
tion ; and because it affirms, we call it an aJUmative 
proposition. If it denied, we would call it negatii>ej 
such as this. No man is righteous. These two propo^ 
sitions^ which I have introduced as examples, are 
unioersaly because the one affirms of all men that 
they are mortal, and the other denies that they are 
rid^teous. 

There are likewise particular propositions, both 
negative and affirmative ; as Some men are learned^ 
and Some men are not wise. What is here affirmed, 
and denied, is not applicable to all men, but to some 
of them. 

Hence we derive four q>ecies of propositions. 
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ThA first is that of affirmatht and tamitrMl propoti- 
ttotw, the fonn of which in general is : 
Ever^ A is B. 

The second species contains negatwt and imracriot 
fTopotition*, the form of which in general is : 
No A is B. 

The third is that of a^rmtUwi propoiitieiu, hot 
particular, contained in this fomi : 
' Borne A is B. 

And, finally, the fourth is that of negativ* and par- 
ticular propoiitums, of which the form is ; 
Some A is not B. 

An these propositions contain essentiaUv two no- 
tions, A and B, which are c^led the femuo/i^pni^ 
aition: the fiist of which afllrms or denies some- 
thing, — and this we call the ntijecf.- and the second, 
which we say is applicable, or inapidicable, to Uw 
Srst, is the altriiute. Thus, in the proposition, all 
men art mortal, the word man, or mm, is ^e subject, 
and the word mortal the attribute : these words are 
much used in logic, which teaches the rules of just 
reasoninf. 

These four nncies of propositions mav likewise 
be represented b^ flgures, so as to exhibit their nature 
tothen-e. This roust be a great assistance towards 
comprehending more distinctly wherein the accuracy 
of a chain of reasoning consists. 

As a general notion contains an infinite number 
of individual objects, we may consider it as a apace 
in which they are aU contained. Thus, 
for the notion of man we form a space, Fig. 41. 
Fig. 41, in which we conceive all men /""s 
to be comptefaeoded. For the notion (j^J 
of mortal we form another, Fig. 48, in ^^ 
which we conceive every thing mortal 
to be compfehended. And when 1 af- Fig. 0. 
linn all ni«n are mortal, it 'is the same /"^ 
^ing with afllnning that the first figoro \\} 
is eonlained in the second. 
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Fig.U. 




I. Hence it follows that the representation of ^ 
affinnatiye universal proposition is that jew. 43. 
in which the space A, Fig* 43, which 
represents the whjectot the proposition, 
is whoUy contained in the space B, which 
is the attriJbute, 

II. As to negative uniyersal proposi- 
tions, the two spaces A and B, of which 
A always denotes the subject^ and B 
the aUriiuUi will be represented thus, 
j^. 44, the one separated from the 
other ; because we say no A u JB, or 
that nothing comprehended in the notion A is in the 
notion B. 

III. In affirmative particular proposi- Fig. 45. 
tions, as, tome A is By 2, part of the space 
A will be comprehendea in the space B, 
Fig, 45 ; as we see here, that something 
comprehended in the notion A is likewise in B. 

IV. For negative particular proposi- 

tionSy as, some A is not B, a part of the -'^- ^- 
space A must be out of the space B, /'""^X \ 
J^. 40. This figure resembles the pre- ( "^ (/ ^ ) 
ceoinff ; but we here remark principally, ^*— ^^n— ^ 
that there is something in the notion A 
which is not comprehended in the notion B, or which 
is out of it. 

Uth February, 1761. 
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O/SyilogismSf and their different Forms, wken tim first 
Proposition is universal, 

Thssi circles, or rather these spaces, for it is of 
no importance of what figure they are of, are ex- 
tremely commodious for facilitating our reflectioiis 
on this subject, and for unfokiing all tiie boasted 
mysteries of logic, which that art finds it so difficult 
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to nq^iln ; wtwreaB by meaiu o( the«e n«w the 
whole is rendered seneible to the eye. We may 



h contains B. The nsture of 
the proposition itself ahvays imports, either that the 
apace of A is wholly contained in the space B, or 
that it ie partly contained in that apace ; or that a 
part, at least, is out of the space B -, or, Anally, that 
the jipace A is wholly out of B.* 

Ijolin iHn Uie lUlawliif dlifr>m,'Mlli lUa «tiiirt 
Java of Lha Ibw i|i«M of |iiinn^lnn " 
u ^Iktfiiat Spttia yprqwitiaiu. 



A]]lnnUlnniT*r>L 


30 

KbAIiB. 


UUMin putloter. 
aMMAkB. 


(3D 

SHWAIiMtB. 



343 01 BTLLOSiaMB. 

The two last cases, which repreMnt particiilar 
propositions, seem to contain a doubt, aa it ia not 
decided whether it be a grest part of A which is 
i^ntained, or not contained, in B. It is eren poost* 
ble, in the case of a particular proposition, that the 
notion A may contain the notion B en- 
tirely, SB in ^. 47; and that, st the Fig. til. 
same time, aa is clear from the flgore, a /""aX 
part of the space A may be in the space f /"^ \ 
B, and that a part of A may not be in B. I \^ I 

Now, if A were, for example, the idea of \ y 

tree in general, and B that of oak, which 

is contained wholly in the first, the following proper 

sitions might be formed: 

I. All oaks are trees. 
II. Some trees are oaks. 
m. Some trees are not oaks. 

In like manner, if of two spaces one is entirely 
out of the other, as in Fig. 44, 1 can as wqU say m 
AiaB,aaTtoBuAi as it I were to aay no man is 
atree, and no tree is a man. 

In the third case, where the two notions have a 
part in common, as in Fig. 45, it may be said — 
I. Some A is B. 
II. Some Bis A. 

III. Some A is not B. 

IV. Some B is not A. 

This may suffice to show you how all propoattions 
may be represented by figures ; but their neatest 
utility is manifest in reasonings which, when ex- 
pressed in words, are called tyUogisms, and of which 
the object is to draw a just conclusion from certain 
given propositions. This method will discover to 
US the true forms of all syllogisms. 

Let uB begin by an affirmative universal proposi- 
tion : Every A is B, f%g. 43, where ths space A is 
wholly in the space B ; and let us see how a tfaiird 
notion C must be referred to esch of tfa« other two 
notions A and B, in order to draw a fair conclusionv 
It is evident in Uie following casea. 




Pig.W. 



leiD the notion B,^ 48; bencere- . 
suits this form of syllogiBin. / / /=\ \ 

E4iTAi8B: \\^J 
But Every C is A: 
Therefore Every C is B. 
Whicfa is the conclosion. 

Let the notion A, for example, comprehend aU 
trees, the notion B every thing that has roots ; and 
the notion C all oaks, and then our syllogiam vill 
juntbus: 

Every tree has root* : 

But Every oak is a tree : 

Therefore Every oak has roots. 

II. If the notion C pig^ 4g. 

haa a part contained 

in A, that part will 

likewise be so in B ' 

tecause the notion A 

is wholly included in 

the notion B, Fig. 49 

and 50. 

Hence results the second form of •yUogina : 
Every A is B : 
BtitSomeCisA: 
Therefore Some C ie B, 
If the notion C were entirely out of the notion A, 
nothing would foUow wiih respect U> the notion B : 
it migU happen that notion C should be entirely out 
Fig. W. Fig. 63. Fig. 03. 

(©) © '^ (^ 

ofB (Fig. Bl), or wholly in B;(fy. Sfl),or peitly only 
inB (f^. 63), so thatoocoaclnsionconldbetUawii. 





Fig.M. 



m. Bnt if notioii O werewhol^ out of notion B, 
it woaU likewise be whoUr out of notioii A, aa w« 
nee in Fig. 61. Hmce iwults this fonn of a^llo- 
gism. 

Bvery A. is B ; 
Bat No C is B, or no B is C : 
Therefore No C is A. 
IT. If the notion C has a part out 
of the notion B, that some part will 
certaitilr likewise be out of the no- /" * V"^ 
tjon A, because this last is wholly ( (V) (iv 
in the notion B (Fig. H). Hence V^-'^ X_> 
this form of syUogism : ^-— ^ 

Every A is B: 
Bat Some CisnotB: 
Therefore Some C is not A. 
V. If the notion C contains the Fig.Sfi. 
whole of notion B, put of notion C 
will certainly fall into notion A {Fig. 
K). Hence this form of syllcmiBm : 
Every A is B : 
But Every B is C : 
Therefore Some C is A. 
No other form is poeaible, while 
the first propositi'' n is afflrmaUre and DnirersaL 

Let ns now auppoae the fint proposition to be 

negative and universal ; nunely. 

No A is B. 

It is represented in Fie. M, where the notion A is 

entirely out of notion B ; and the foilowing cases 

will furnish conclusions ; 

I. If notion C is entirely ii 
tion B, it must likewise be entirely 
out of notion A (F^. 66). Hence / 
this form of syllogism : 

No A is B : 
But Every C is B: 
Theiefore No G is A. 
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n. If notion C is entirely com- Fig. 67. 

prehended in notion A, it must /•'X^ 
also be entirely excluded from/ >^ \ /rs 
notionB(J%.67). Hence a syl- 1 kSJ ) \V 
logism of this form : \. ^ 

No A is B: ^ — V ' 

ButE»eryCiB A: 
Therefore No C is B, 
m. If notion C has a part contained in notion A, 
that part most certainly be out of notion B i as in 
Fig. se, or in Fig. fiS, and 60. Hence a syllogism 
of this form: 

No A is B: 
But Some C is A, or some A is C : 
Therefore Some C is not B. 



J^.ee. 



Fig.M. 



Fig. 90. 



IT. In like manner, if notion C has -a part con- 
tained in B, Uiat part will certainly be out of A ; as 
in J^. 61, as also Fig. 62, and 63. Hence the fol- 
lowing syUogiwn : 

No A ia B : 
But Some C is B, or some B is C ; 



Thorefoie Some C is not A. 



Pig.n. 



Fig.ta. 
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M6 DimHEXT roKxi ot avixoeinu. 

As to the other fonna, is which tho first propud- 
tion u paiticular, alllnaatiTe, or nevatii ' - ~ 
sbow,in Biu)th«r Letter, howlheyma^ be re 
by flnireB. 

f, nei. 
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b the preceding Letter 1 hare presented jron wiHi 
the diSbrent forma of tyllogisniB, or simple reason- 
ingw, which derive their origin from the first propo- 
sition, when it is nniTersa], affirmatire, or negative. 
It still remains that I la^ before yon those syDo- 
eisms whose first proposition is particular, affirma- 
tive, or negative, in order to have all possible forms 
of syllogism that lead to a fair conclusion. 

Let, Uien, the first propositioD, affirmative «oA 
particular, be expressed in uiis general form— 

in wtiich a part of the notion A is contained in the 
notion B. 

Let ns introduce a third notion C, wUch, being 
referred to notion A, will either be contained in 
notion A, as in Fig. 64, 65, and 66 ; or will have a 
part in the notion A, as in Fig. 67, 68, and 69 ; or 
will be entirely out of notion A, as in Fig. 70, 71, 
wid 79. No coocLusion can be drawn in any of 
these cases, as it might be possible for notion C to be 
entirely within notion B, or in part, or not at all. 
Fig. M. Fig. 65. - Fig. 66^ 




But if notion C contains in itseir notion A, it ia 
certain that it wiU likewise contsin « part of notion 
B, as in Fig. 73 and 74. Hence results this fons 
of syllogism : 

Some A is B : 
But ETer; A ia C ; 
Therefore Some C is B. 
Tig. 7». Fig. 74. 



It is the saue when we compare notion C with no- 
tion B : we can draw no conclusion unless notion C 
contains notion B entirely (fig. 75 and 76) ; for 
Fig- 75. Fig. 78. 



in that case, as notion A has a part contained in 
tion B, the same part wilt then certainly be c 



»48 

taiaed likewise in C. Hence we obtain tUa fonn 

of ■yUogiom : Some A is B ; 

But Every B is C : 

Therefore Some is A. 

Let US finally suppose, that the first propOBitioa ia 

negative and particular, namely, 

SottM A it not B. Fig. 77. 

It is represented in Fig. 77, in which part . — -. — . 
of notion A is out of notion B. ( jjS g ] 

In this case, if the third-notion C con- V.JO' 
tains notion A entirely, it will certainly also have k 
part out of notion B, as in Fig. 78 and 79 ; which 
gives this ayllogism: 

Some A is not B : 
But Every A is C : 
Therefore Home C is not B. 




Agun> if notion G is wholly included in notion 

B, or A has a part out of B, that same part will 

likewise certaimyi^ out of C (i'^. SO and 81). 

Fig. 60. fig. E 



Hence this form of eyQoKiam : 

Some A is not B : 
But Every C is B; 
Therefore Some A is not C. 
It may be of use to collect all these fonns of nyi- 
loginn into one table, in order to consider Ibem at * 
■i^le glance. 




I. KweryAiBB: 

But EveiyCiBA: 

Therefore Every C is B. 



XI. No A is B: 

But Some C is B: 
Tbeiefore Soma G ii not A 



II. Every A is B : 

But Some C is A: 

Therefore Some C is B. 



m. - Every A is I 

But No C is B : 
Therefore No C is A. 



Xlll. Rome A iB B : 

But Every A is C ; 
Therefore Some C isB. 



IV. Every A ie B 

But No B is C : 
Therefore No C is A, 



XIV. Some A is B : 

But Every B is C : 
Therefore Some C is A. 



V. Every A is B: 

But Some C is not B 

Thnebre Some C i* not A. 



XV. SomeAianotB; 
But Every A is C; 
* ~ e O U not B. 



VI. Every A is B 

But Every B is C 

Therefore Some C is A. 



XVI. SomeAianotB: 

But Every C ie B : 
Tbanfora Som* A b not C . 



VU. No A is B : 

But Every C is A: 
Therefore No C is B. 



XVII. Every A is B: 
But Some A is C : 
Therefore Some C ii B. 



VIII. No A ia B : 

But Every C is B 
Therefore No C is A, 



XVIII, No A is B: 

But Every A is C :' 
Thenton Some C ■< not B> 



IX. No A is B ; 

But Some C is A : 
Therefore Same C i« nA B. 



XIX. No A is B: 

But Every BiflC:' 
Therefare Some C !■ not A. 



No A is B: 
But Some A is C ; 
e C ii not B. 

VoL.1.— Gg 



XX. Every A is B: 

But Every A iaC: 
Therefore Some G ia B. 



- t 



ue AHunn or mmb aruoamn. 

Of aese twenty fonnB I rCmnt, Hut XTL is Uw 
sune with V. ; the latter changing; into the fomwi, 
if yon write C Tor A, and A tot C, and b^gin with 
the second proposition : there are Kccorduigty btt 
nineteen diflerent forms. 

The foundation of all these fonns is redoced to 
two principles, respecting the n&tun of ctiiiCiwuf 
and conUnned. 

I. Whateeer is in the thing conUintd imut Uitmim 
be in the thing conlaimng. 

II. Whatever it out of the containing nuut IHaeim 
be out of the contained. 

Thus, in the last fonn, where the notion A is con- 
tained entirely in notion B, it is erident, that if A is 
contained in the notion C, or makes a part of it, 
that some pan of notion C will certainly be contained 
in notion B, so that some C is B. 

Erery Byllogism, then, consists of three jnopoai- 
tions ; the two first of which are called the mimtmt, 
and the third the conclution. Now, the adTantaea 
of all these forms to direct our reaaoninga is this, 
that if the premises are both true, the condnsioB 
infollibl^ is BO. 

This JB likewise the only method of discovering 
unknown truths. Every truth must always be the 
<»>nclusion of a Byl^gism, whose premises are indo- 
bitably true. Pernut me only to add, that the for- 
mer of the premises is called the major pioposittoo, 
and the other the minor. 

3Ut February, I7S1. 



LETTER CV. 

Aiulifti$ of tome Sj^lagiem*. 

Ir yon have paid attention to all the fornu of srt- 
logism which I have proposed, you must see, that 
every syUogiam necessarily consists of three profo- 
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teen forms laid dowx conaiats in this property com- 
mon to Ihein all, tba.t if the two first propositions, 
or the^ premiaes, are tme, you may rest confidently 
assured of Ibe truth of the conclusion. 

Let iM consider, for example, the following syllo- 
gism. 



But 81 

Therefore sohi l»hnii> hkn am hot Twrnoua. 
Whenever yon allow me the two first propoeitiODa, 

S'Ou are obliged to allow the third, which necenarily 
allows from it. 

This BvUogiant belongs to form XII. The same 
thing holds with resard to sU the others which I 
have laid down, and which the figures whereby I 
have represented them render sensiUe. Here we 
are presented with three notions. Fig. 83, Fur. asi, 
that of rirtuous men, that of BlBndejerB,and 
that of learned men. Q 

Let the apace A represent the first, apace ^'^ 
B the second, and space C the third. It /^ 
being said, in the first proposition, that no ^-^ 
virtuous manis a slanderer, we maintain that /^ 
nothing contained in the notion of the virtu- \SJ 
ous man, that is, in the space A, is compre- 
hended in the notion of uie slanderer, that is, spacv 
B ; therefore space A is wholly out of space B (see 
.*W.83)- j^ 83 

But it is said, in the second proposi- ^--^ —. 
tion, that some men comprehended in C^^.A^ 
notion B are likewise contained in that ^'-— ""^^ 
of learned, that is, in space C ; or else, yon may 
say that i»rt of space B is within space n a. 
C, Fig. 84, where the part of space B in- l^L^ 
eluded in C is marked with an • ; which (^ ^ 
will be likewise part of space C. Since, ^ 
Uterefore, some part of space C is ii ~ 
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wise be out of Bpec« A, Qat ia, tome i««rmJ men are 

It must be ciirefiilty remarked, that this concln- 
aion respects onljr the part * of notion C, which is 
eoaprehended ia notioa fi ; for as to the rest, it is 
uncertain whether it be likewise excluded from 
notion A, as in Fig. 65, Or wholfy contained in it, as 
in Fig. S6, 01 only in part, as in Fig. 87. 



^.85. 



Fig. flfl. 



1^.67. 



Now, this being: left nncprtam, the remainder of 
qwce C fells not at all nnder consideration; the 
conclusion is limited to that only which ia oertsin, 
that is to say, the same part of space C contained 
in apace B is certainly out of space A, for this last 
is wholly out of apace B, 

The JastnesB of all the other forms of syllozisRi 
nu^ be demonstrated in like manner ; bnt all those 
winch deviate from the nineteen forms laid down, 
or which are not comprehended under them, are 
dMtitotfl of fonadetion, and lead to error and IUs&- 
hood. 

Yon will clearly discern the fault of such z stHo- 
giMn, by an example, not reducible to any of the 
nineteea fbrms : 



BUtlMMWI 

Therefore Bona TntTvoirs mcn arb not uubru. 

This third propositJofl may perhaps be true, bnt 
it does not follow from the premises. TTiey too 
(the premisea) may very weH be true, and in the 
{veseut instance they Mtually are so : but the tiiinf 
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ia not, for tliit, a bir concliuion ; because it b con- 
traiy to the nature of joet syllogism, in which the 
conclosion alwHye must be tnie, when the premises 
sre so. Accordingly, the fault of the form abov« 
proposed is immediately discorered, by casting your 



Now, the first proposition is represented br 
Fig. 68, in which part * of space A (the learned) 
ia contained in space B (the arsricioos) ; but it by 
no means foUowa, Fig. 89, that part of space C must 
be out of space A. 



Fig. 88. 



Fig. 89. 
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«ible for space C to be entiniT 
riLuui npavo A, as in Fig. BO, or entirely: ont of it, 
:b in J^. 91, and at the saine time entirely ont of 
paceB. 

Fig. M. Fig. 91. 



A syllogism of tins form, according^, is totaDj 
false and abeord. 

Another example will put the matter beyond a 
taibt: 

BOm TBMS Ml OAKS : 
Bot no eiK IS i. na : 
Therefore son nu us rot nuts. 
lUa fonn is precisely the same with the preoed- 
Gg9 
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ing, and the falseiiQod of the conclusion is manifeet, 
though the pEemises are undoubtedly tnie. 

But whenever a syllogism is reducible to one of 
the above nineteen forms, you may be assured that 
tf the two premises are true, the conclusion unauea- 
tionable always is so too. Hence you perceive how, 
fvom certain Known truttis, you attain others before 
unknown ; and that all the reasonings by which we 
demonstrate so many truths in geometry may be 
reduced to fbrmal syllogisms. It is not necessary, 
however, ttaX our reasonings should always be pro- 
posed in the syllogistic form, provided the flinda- 
mental principles be the same. In conversation, in 
discourse, and in writing, we rather make a point 
of avoiding syUogism. 

I must further remark, that as the truth of the 

§ remises brings forward that of the conclusion, it 
oes not thence necessarily follow, that when one 
or both of the premises are false, the conclusion 
must be so likewise ; but it is certain, that when the 
conclusion is felse, one of the premises, or both, 
atedntely^ must be false ; for if they were true, it 
would be impossible that the conclusion should be 
false. I have still some further reflections to sub- 
mit to you on this subject, which is i)xe foundation 
of the certainty of all the knowledge we acquire. 
24M February, 1761. 



LETTER CVI. 
Different Figures and Modes of SyBogisms, 

The reflections which I have still to make on the 
subject of syllogism may be reduced to the follow- 
inff articles : 

I. A syllogism contains only three notions, named 
i«rmf^ in as far as they are represented by woids. 
For though a syllogism contains three propositioos, 



1' 



i 
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and each propontion two notions, or tensa ; it noat 
bo considered that each tenn is twice oniplojrad In 
it, as in the following example : 

■viav A is B : 
But nuBV A is C : 
Therefore bomb C ts B.. 
The three notions are marked by the lettera A, B, G, 
which are the three terms of this- afUoaiBin ; of 
which the tenn A enters into die first and second 
propMition, the tenn B into the first and- tiiinl pro^ 
position, siut the termC into the second awl Uiird 
ptoposition. 

II. You must c3rel\iUf distinguish, these tluee 
terms of every syllogism. Two of them, namely, 
B and C, enter into tbe oanaluston, tfae one of 
which, C, is the subject, and the other, B, the titri- 
btdt, or pndicate. In logic, the subject of the con- 
olnsion, C, is called die imnor lerm, and the prwdmati 
of the conclusion, B, the majorterm. But the third 
notion, or the term A, is found in both premisea, 
and it is combined with both the other tenns in 
the conclusion. This term A is called the nwm 
Of mtdiian tertn. Thus, in the following example : 



Buts< 
Therefore bomb l»bi*^ mzwamm kot vnrrDOC*. 

The notion Itamti is the nunor teim, that of mr- 
Mtxw is the major, and the notion' of minr is the 
mean l«nn. 

III. As to the order of the propositions, it is a 
matter of indifference which of the premises is in 
the flTBt or second place, provided the conclusion 
holds the last, it being the consequence from the 
premises. Logicians have, however, thought proper 
to lav down this nile : 

The firil proposition iialurayt thiliehieh contmiu tha 
predtcaie o/the conclauorii or tht tix^er t^m : for thk 
u thereaaim that vre pve to fAu fropontitn tit "■« 
ilf.t\t.m^t proposition. 
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The second propoeiHon contains the mtnor term^ or 
the subject of the condusion; and hence it has the name 
of the minor proposition. 

Thus, the ntajor pn^tosition of a syllogism contains 
the mean term, with the major term, or predicate 
of the conclusion ; and the mtnor proposition contains 
the mean term, with the minor tenn, or subject, of 
the conclusion. 

IV. Syllogisms are distinguished under different 
figures^ according as the mean term occupies the 
ptece of subject^ or attribnte^ in the premises. 

Logicians have established four figures of syllo- 
gisms, which are thus defined: 

The first figure is that in which the mean term is 
the subject in the mtyor proposition, and the predi- 
•cate in the minor. 

The second figure^ that in which the mean term is 
4he predicate in both the major proposition and the 
minor. 

The third figure, that in which the mean term is 
the subject in both the major and minor propositions. 
Finally, 

The fourth figure is that in which the mean term 
is the predicate in the mi^or proposition, and the 
subject in the minor. 

Let P be the minor term, or subject of the conclu- 
sion; Q the major term, or predicate, of the conclu* 
eion; and M the mean term: the four figures of 
syllogism will be represented in the manner follow- 
ing: 

Figure Furst. 



Major Proposition 

Alinor Proposition 

Conclusion 



M 

P 
P 



Figure Second. 



Ms^ Proposition 

Minor Proposition 

Conciusion 



Q 
P 

P 



Q 

M 

Q 

M 
M 

Q 
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Figure Third. 

M^jor PropOBitioa | M Q 

UinOT Proposition 1 M p 

Conclusion | P Q 

Figure Fourth. 

Major Proposition I Q ^— — ^ ll 

Minor PropoBition I M P 

Conclusioa | P Q 

V. Again, according as the propositions themselveB 
are universal or particular, affinnative or negative, 
each figure contains aeveiul forms, called moAei. In 
order the more clearly to represent these modes of 
each fig:ure, we mark by the letter A universal 
affirmative propoaMona ; oy the letter E, univeral 
negative propoaitions ; by the letter I, particular 
affirmative propositions : and, fiHlly, (7 the letter 
0, particolav negative propositioDs : ot else, 

A represents a universal alEnnaiive proposition. 
E represents a universal negative proposition. 
I represents a particmlar a^mative proposiMoOf 
O represeotB a particular negative propoiitioQ. 

VI. Hence our nineteen forms of sylhtgism above 
described are reducible to the four flgures iriuch I 
nave jnst laid down, as in the following t^lea : 

I. Modes of the First Figaro. 



latMode. 

A. A. A. . 

Every M is Q: 

But Every P is M: 

Therefore Every P is Q. 


ad Mode. 
A. 1. 1. 

Every UiaQi 

But Some PisM: 

Therefore Sotno P is Q. 


3d Mode. 

E. A.E. 
NoMiaQ: 
ButEvoryPisM: 
AeMfa* No P ■• 4. 


4th Mode. 
E. I. 0. 
NoMisQ: 

But Some Pis H: 
ThmfonSoMP !■««.«, 
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II. Modes of the Second Figure.. 



lot Mode. 

A* £• E* 

Every Q is M: 
But NoPisM: 
Thenfere No P ia Q. 



3d Mode. 

£. A. £. 
NoQisM: 
But Every P is M : 
Therefore No P is Q. 



2d Mode. 

A. O. O. 

Every Q is M: 
But Some Pis not M: 
Therefore Some P ie not Q. 



4th Mode. 
E. I. O. 

NoQisM: 
But Some P is M : 
Therefore Some P ie not Q. 



m. Modes of the Third Figure. 



1st Mode. 
A. A. I. 

Every M is Q : 
But Every M is P : 
Therefore Some P is Q. 



3d Mode. 
I. A. I. 

Some Mia Q: 
But Every M is P: 
Therefore Some P is Q. 



3d Mode. 
A. 1. 1. 

Every M is Q : 
But Some M is P : 
Therefore Some P is Q. 



5th Mode. 
E. I. O. 

NoMisQ: 
But Some M is P : 
nerefore Some P ie not Q. 



4th Mode. 

E. A. 0. 
NoMisQ: 
But Every M is P : 
Therefore Some P is not Q* 



6th Mode. 

O. A. O. 

SomeMisnotQ: 
But Every M is P : 
Therefore Some P ie not Q. 



IV. Modes of the Fourth Figure. 

3d Mode. 
I. A. I. 

Some Q is M: 
ButEveryMisP: 



1st Mode. 
A. A. I. 

Every Q is M : 
But Every M is P : 



Therefore Some P is Q. | Therefore Some P i« i>. 
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saHode. 

A. E. E. 

Every QiaM: 
ButNoMiaP: 
Thenfon No P u Q. 



4th.Hode. 

E. A. 0. 
NoQisH: 
But Every H is P ; 
ThanfiiM Soma P U not f). 



Hh Mode. 

E. I. 0. 

NoQisH: 

But Some M is P : 

Therefore Some P is not Q. 

Yon see, then, that the first figure has four modes, 
the aecood four, the third six, the fourth five ; so 
that the whole of these modes together is nineleen, 
being precisely the same forms which I have above 
explained, and have just now disposed in the four 
figures. In other respects the justness of each of 
these modes has been already demonstrated by the 
specea which I employed to mark the notions. The 
only difference consists in this, that here I make naa 
of the letters P, Q, H, instead of A, B, G- 

aStk Ftbruary, 1761. 



LETTER CVII. 

OitemaiitTTu ani Befieelums on the different Mode* of 
SyUogitm. 

I rLATrn mjrself that the foBowing reflections 
will contribute not a little to place the nature of srl- 
logiams in a clearer li^. You must pay particular 
attention to the species of the propositions which 
compose the syllogisms of each of onr four figures, 
fliat IS to say, whether they are, 

1. Universal a/nrmative, the sign of which is A ; or, 
9. Universal negative, ttie sign of which is E ; ovt 



▲fn 



3 Particular«flnniiti«re, the sign of which tsT; Or, 

finally, <^ ^ ^ 

4. Tartkniltr negative, th« siffn of wluch is O ; 
and ycM will readify admit the justness of l&e fol- 
IswMLgpr^lectioiis i'^ 

I. & no one instance are both premises neoatiye 
propositions. Logipaos have hence formed this 

rule: 

From two negative profQskunu no conclusion can be 

drawn. 

The reason is evident ; for laying down P and Q 
as the terms of the conclusion, and M as the mean 
term, ifiwth premises are negative, the affirmation 
is, that the notions P and Q are either whoUy or in 
part out of M : it is accordingly impossible to con- 
clude any thipg respecting the c<mformitv or dis- 
confonnity of the notions P and Q. Though I knew 
from history that the Gauls were not Romans, and 
that neither were the^Celtee Romans, this would not 
contribute in the least to inform me whether the 
Celtas were Gauls or not. Two negative premises, 
therefore, lead to no conclusion. 

II. Both premises are in no one instance particu- 
lar propositions ; hence this rule in logic : 

From two particidar propositions no conclusion can 
he drawn. 

Thus, for example, because some learned men are 
poor, and some others malevolent, it is impossible 
to conclude that those who are poor are malevolent, 
or that they are not so. If you reflect ever so little 
on the nature of a consequence, you must imme- 
diately perceive that two particiilar premises lead 
to no conclusion whatever. 

III. If either of the premises is negative^ the conclu' 
sion tog miust be ne^atipe. 

This is the third rule which logic prescribes. 
When sofn^thing. is denied in the premises, it is im- 
pt)S8il?ie tp aflirm any thing in the conclusion ; we 
nust absolutely deny there likewise. This rule is 
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perfectly confirmed by all the laws of syUogisiD, 
whoae justice has been demonstrated. 

lY. If one 9f the premises is partiettiar, tks cohel»» 
sion too must he particular. 

This is the fourth rule prescribed in logic. The 
ctiaraeter of particular propositions being the word 
s0mey if we speak only of some in one of the premises, 
if is impossible to speak generally in the conclu- 
sion; it must be restricted to some. This rule, l&e« 
wise, is confirmed by all the laws of syllogismy 
whose justness is indubitable. 

V. When both premises are affirmative, the eonelu» 
sicn is so likewise. But though both premises may be 
universal^ the conclusion is not always universal ; some* 
times it is particular only, as in the first mode of 
figures third and fourth. 

YI. Besides universal and narticular propositions, 
we sometimes make use o\ singular propositions^ 
the subject of which is an individual ; as, wnen I say, 

Ffr^ was a great poet, 
the name of Virgtl is not a ^neral notion, contain- 
ing several beings in itself; it is the proper name of 
B real individual, who lived a great many years ago. 
This proposition is called singular ; and when it is 
intmuced into a syllogism, it is of importance to 
determine whether we are to consider it as holding 
the rank of a universal or particular proposition. 

YII. Certain authors insist, that a singular propo- 
sition roust be ranked in the class of particulars ; it 
being considered that a particular proposition speaks 
only of some beings comprehended in the notion, 
whereas a universal proposition speaks of aU. 
Now, say these authors, when we speak of only m 
singular being, this is still less than when we epeak 
of some ; and consequently, a singular proposition 
must be considered as very particular. 

YIII. However well founded this reasonmg may 
appear, it cannot be admitted. The essebpe of a 
particular proposition consists in this, that it does 

Vol. I.— H h 
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not speak of all the beings comprehended in the no- 
tion of the subject, whereas a universal propowtion 
speaks of all without exception. Thus, when it is 

said, 

Same citizens of Berlin are richj 

the subject of this proposition is the notion of aUtkt 
citizens of Berlin ; out this subject is not taken in all 
its exteni-*its signification is expressljr restricted 
to some ; and by this, particular propositions are es- 
sentially distinguished from universal, as they torn 
only on a part of the beings comprehended in their 
subject. 

IX. It is clearly evident, from this remark, tkat a 
singular proposition must be considered as universal; 
as, in speaking of an individual, say Virgil, it in no 
respect restricts the notion of the subject, which is 
Virgil himself, but rather admits it in all its extent ; 
and for this reasoni the same rules which take place in 
universal propositions apply likewise to singular prapth- 
sitions. The following is accordingly a very good 
syllogism : 

VOLTAIRC IS A PRELOSOPBBR : 
But VOLTAIRI 18 A post: 

Therefore some pokts arb philosophkrs. 
And it would be faulty if the two premises were 
particular propositions ; but being considered as uni- 
versal, this syllogism belongs to figure third, and the 
first mode of the form A. A. I. The individual idea 
of Voltaire is the mean term, which is the subject 
of both major and minor ; and this is the character 
of figure third. 

X, Finally, I must remark, that hitherto I have 
spoken only of simple propositions, which contain <hi1t 
two notions, the one of which is affirmed or denied, 
universally or particularly. With respect to cma- 
pound propositions, logic prescribes peculiar rules. 

3a Marvh, 1701. 
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LETTER CVIII. 

Hypothetical Propositums^ and Syilagitms carutmeted 

of them. 

Wk have hitherto considered simple propositions 
only, or such as contain but two notions, the one of 
which is the subject, the other the predicate. These 
propositions can form no other syllogisms, except 
those which I have laid before you, and which are 
contained in the four figures above explained. But 
we likewise frequently employ compound propositumiy 
which contain more than two notions, and respect- 
ing which other rules are to be observed, in order to 
deduce fair conclusions from them. 

Of these compound propositions, the most com- 
mon are those which are called hypothetical^ or con" 
ditionalt which contain two complete propositions, 
with an affirmation, that if the one is true^ the other 
is so liketoise : the following is an example of a con- 
ditional proposition : 

If the gazette speaks truth, peace ia not veiy 

distant. 
Here are two propositions, the first, the gazette 
speaks truths or, the gazette is true : and the other, 
peace is not very distant^ or peace is approaching. 

Now these two propositions must be connected 
together in such a manner, that if the first is true, 
the second is so likewise ; or it is maintained, that 
the second proposition is a necessary consequence 
of the first, so ttiat the former cannot be true, with- 
out establishing the truth of the other also. Sup- 
posing, then, that the gazettes announce the ap- 
proach of peace, we are warranted in saying, that, 
rf the gazettes are truej peace must be at hand. 

WiUiout this condition, such a proposition leads 
to nothing ; but if this condition is complied with. 
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then, with the addition of some other proposition, 
there are two ways of drawing a conclusion from it : 
Ist. When some person assures us, thai the gazette 
speaks truth ; for hence we conclude that peace is 
near: 8d. When we are told, ihat peace 'is stUl very 
distant ; then we make no hesitation in thence con- 
cluding that the gazette does not speak truth. 

You see that these two conclusions are generaL 
and give two forms of h3rpothetical or coi&tional 
syilogisms, which may be thus represented : 

First Form, 
If A IS B, C WILL Bc D : 
But A IS B: 
Therefore C is D. 

Second Form. 
If A IS B, C WILL BE D : 
But C IS NOT D : 
Therefore A n not B. 
These two are the only just conclusions; and you 
must be carefully on your guard against th6 fallacy 
of the two following forms : 

First erroneous Form. 
If A IS B, C WILL BE D : 
But A IS NOT B : 
Therefore C is not D. 

Second erroneous Form. 
If A IS B, C WILL BE D : 
But CisD: 
Therefore A is B. 
These are both fallacious. In the example adduced 
I should reason inconclusiTely, if I argued in this 
maimer: 

If THE GAZETTE SPEAKS TRUTH, PEACE IS 
APPROACHING ! 
But THE GAZETTE DOES NOT SPEA^ TBUIV : 

Therefore peace is not approaching. 
It is undoubtedly true that the gazette may not 
speak truth ; nevertheless, it is very possiUe that 
peace may be approaching. 
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Tlie other fonn is equally erroneous : 

If THE 6AZCTTK IS TBDS, PEACfs AP- 
PSOACHSS: 
But PCACK APPROACHES : 

Therefore the gazette is true. 
Let us suppose that this consolatory truth, peace op- 
prcaeheij were revealed to us, so as to be put beyond 
the possibility of doubt, it would by no means follow 
that gazettes are true, or that they never contain 
untruths. I hope at least that peace is at hand, 
though I am veiy far from putting confidence in the 
truth of gazettes. 

These two last forms of syllogisms, therefore, are 
fallacious ; but the two preceding are certainly good, 
and never lead into error, provided that the first con- 
ditional proposition is true, or that the last part be a 
necessary consequence of the first. 

Of this conditional proposition — 

If A is B, C will be D ; 
the first part, A m A is called the antecedent^ and 
the other, C will be A the consequent. Logic pre- 
scribes the two following rules to direct us in this 
style of reasoning : 

I. Whoever admits the antecedent must likewise admit 
the consequent. 

II. Whoever denies or rejects the consequent must 
likewise deny or reject the antecedent. 

But you may very weU deny the antecedent with- 
out den3ring the consequent, and likewise admit the 
consequent without admitting the antecedent. 

There are still other compound propositions, of 
which also syllogisms may be formed. It will per- 
haps be sufficient to produce a single example. 
Having this proposition, — 

Every substance is body or spirit, — 
the conclusion will run in the following manner : 

I. But such a substance is not body ; 
Therefore it is spirit. 

Hhfl 
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II. But flueh a substance i« body ; 
Therefore it is not spirit. 

But it is entirely unnecessary to detain you longer 
on this subject. 

1th March, 1761. 



LETTER CIX. 
Of the Impression of' Sensations 4m the SouL 

Hatiko endeavoured to unfold the principles of 
logic, whose object it is to lay down infaUihks rules 
for right reasoning, I must still detain yon a little 
longer on the subject of ideas. 

We undoubtedly derive them, in the first instance, 
from real objects, which strike our senses ; and as 
far as they are struck with any object, a sensation 
corresponding is thereby excited in the soul. Not 
only do the senses represent to the soul the idea of 
that object, but they give it fuU assurance of its ex- 
istence out of us ; and it is of importance to remark, 
that the sensation is not indifferent to the soul, but 
always accompanied with some pleasure or disgust, 
to a greater or less degree. 

Now, having once acquired, through this medium, 
the idea of any object, the soul does not lose it when 
the object ceases to act on our sensi^ : it ia only 
the sensation, by which the soul is apeeably or 
disagreeably affected, that is lost; but it still pre- 
serves the idea of the object itself. Not that the 
idea is ever present to it, or Uiat it continttally 
cherishes such idea in thought; but it possesses 
the power of awakening or recalling the idea at 
pleasure. 

This faculty of the soul, by which it is enaMed lo 
recollect ideaJs once perceived, is called rendnisc^nre^ 
which contains the source of memoiy. Deprived 
of the power of recalling pasi ideas, that of per- 




cefving wodd answer little or nopnipose; if wjt 
lost evenr moment the recollection of ideas once 
perceived, we should alwajrs be in the. state c4 new- 
bom infants, that is, in a state of the most profound 
l^orance. Reminiscence, then, is the most pre- 
cious ffift which the Creator has bestowed on the 
soul of man, and here its spirituality shines in the 
brightest lustre ; for by means of this faculty the 
soul gradually rises to the attainment of knowledge 
the most subume. 

But though recollected ideas represent to us the 
same objects which perceived ideas do, they diflTer 
(W>m them in this, that they are not accompanied 
with the sensation, nor with the conviction, that the 
objects really exist. If you have once been a spec- 
tator of a confla^tion, you can recall the idea of it 
whenever you will, without imagining, however, that 
there really is one. It is even possible, that for a 
very long time you may not have thought of such a 
conflagration, but without having lost the power of 
recalling the idea of it. 

It is the same with respect to all the ideas which 
we have once perceived ; but it frequently happens 
that we lose almost entirely the recollection, or, in 
other words, forget them. We remark, neverthe- 
less, a very great difference between ideas forgotten 
and ideas wholly unknown, or such as we never 
liad. With respect to the first, as soon as the same 
object presents itself afresh to our senses, we much 
more easily catch the idea of it, and we recollect 
perfectly, that it is the same which we had for- 
gotten : this would not be the case had we never 
possessed it. 

It is here the materialists boast of having found a 
demonstration of their opinions. They conclude 
fttim it, that it is extremely clear, the soul is nothing 
alse but a subtile matter, on which external objects 
are capable of making some slight impression, by 
means of the senses : that this impression is ttoniaag 



I 
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^e but the idea of the objects ; and that as loti^ as 
it remains, the recollection is preserved ; bat that 
we forget it when the impression is totally effaced. 

If tlus reasoning were solid, ideas must neGe»> 
sarily remain always present with us till we forget 
them. This, however, is not the case ; for we recall 
them when we please : and if the impression were 
effaced, how could matter recollect that it formerly 
had that impression, on receiving it afresh 1 And 
though it be very certain that the action of objects 
on the senses produces some change in the brain, 
this change is veiy different from the idea which 
is occasioned by it ; and the sentiment of pleasure 
or disgust, as well as the judpnent respecting the 
object itself which caused this impression, equally 
require a being wholly different from matter, and en- 
dowed with qualities of quite a different nature. 

Our advances in knowledge are not limited to 
ideas perceived : the same ideas recollected in the 
memory form for us, by abstraction, general ideas 
of them, which contain at once a great number of 
individual ideas ; and how many abstract ideas do 
we form respecting the qualities and accidents of 
objects which have no relation to any thing -corpo- 
real, such as the notions of virtue, of wisdom, &c. 

This, after all, refers only to the ttnderttandinff, 
which comprehends but a part of the faculties of 
the soul ; the other part is not less extensive, namely, 
the wiil and liberty, on which depend all our resolu- 
tions and actions. There is nothing in the body 
relative to this quality by which the soul freely de- 
termines itself to certain actions, even after mature 
deliberation. It pays regard to motives, without 
being forced to submit to their- influence ; and lib- 
erty is so essential to it, as well as to all spirits, 
that it would be as impossible to imagine a spirit 
without liberty, as a body without extension. God 
himself could not divest a spirit of this essential 
property. 

It is by this, accordingly, that we are enabled to 




wtve all tbe perplexing queations respecting tba 
origin of e*il, the pennJMion of sin, and the ex- 
istence of all the calamities bj which the world is 
tmpressed; their great and oily source is human 

lOtk March, 17B1. 



Of tie Origin md P*rmi*tion of Evil ; ando/akt. 

Thb origin and permission of eril in the world is 
an article which has in all ages oreatly perplexed 
theologianB and philoBophers. To believe that God, 
a Being supremely good, should have created this 
worldyand to see it overwhelmed with such a variety 
of evil, appears so contradictory, that some found 
themselves reduced to the necessity o( admittijig 
two principles, the one supremely good, the other 
supremely evil. This was the opinion entertained 
by the ancient heretics known in history by the 
name of Maniduant ,■ who, seeing no other way of 
■ccounting for the origin of evil, were reduced to 
this extremity. Thouen the question be extremely 
complicated, this sin^e remark, that liberty is a 
qnali^ essential to spirits, dispels »t ooce a great 
part of the difficulties which would otherwise be iiu 
annnountable. 

In truth, when God had created man, it was too 
late to prevent sin, his liberty being susceptible of 
no constraint. But, 1 shall be toM, it wmild hava 
been better not to create such and such men, or 
spirits, who, as God must have foreseen, would abnse 
their liberty, and plunge into ain. 1 should deem It 
tather rash to enter upon this discussion, and to pre- 
tenid to judge of the cboice which God might have 
been aUe to make in crexting spirits i and perhaps 
Uie plan ot the universe required the e ' ' ~ ' 
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Bpi'rits of every possible description. And, in fact, 
when we reflect that not only our earth, but aU the 
planets, are the habitations of rational beings ; and 
that even all the fixed stars are suns, each of which 
may have around it a system of planets, likewise 
habitable, — it is clear that the number of all the 
beings endowed with reason, which have existed, 
which do exist, and which shall exist, in the whole 
universe, must be infinite. 

It is therefore unpardonable presumption to in- 
sinuate that God ought not to have granted exist- 
ence to a great number of spirits ; and the very per- 
sons who thus reproach their Maker would certainly 
not wish to be of the number of those to whom ex- 
istence was idenied. This first objection, then, is 
sufficiently done away ; and it is no way inconsistent 
with the Divine perfections that existence has been 
bestowed on all spirits, good and bad. 

It is next alleged, that the mischievousnese of 
spirits, or reasonable beings, ought to have been re- 
pressed by the Divine Omnipotence. On this I re- 
mark, that liberty is so essential to all spirits as to 
be beyond all power of constraint ; the only method 
of governing spirits consists in the use of motives to 
dispose them to what is good, and to dissuade them 
from evil ; but in this respect we do not find the 
slightest ground of complaint. The most powerful 
motives have undoubtedly been proposed to sdl spirits, 
to incline them to good, these motives being founded 
on their own salvation ; but they by no means em- 
ploy constraint, for this would be contrary to their 
nature, and in all respects impossible. 

However wicked men may be, it never can be in 
their power to excuse themselves, from ignorance 
of the motives which would have prompted them to 
good : the divine law, which constantly aims at their 
everiasting happiness, is engraven on their heart ; 
and it must always be their own fault if they plunge 
into evil. Religion discovers to us likewise so many 
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Other means which Godeniployi to reclaim ns from 
our wanderings, th»t, on this side, we mav rest con- 
fidently asaurMl that God has omitted nothing which 
could have prevented the malignant esploBions of 
men, snd of other reasonable beings. 

But those who bewilder themselves in suchdonbta 
respecting the origin and the permission of evil in 
the world, perpetually confound the corporeal with 
the spiritual world ; they ima^ne that spirits are, as 
bodies, susceptible of constraint. Severe discipline 
is frequently capable of preventing, among the chil- 
dren or a family, the soldiers of an army, c " 



this constraint extends only to what is corporeal; 
ii in no respect restrains the spirit from being as 
vicious and as malignant as if it enjoyed the most 
unboimded license. 

Human governments must rest contented with 
this exterior or apparent tranquillity, and give them- 
selves little trouble about Che reai dispositions of 
men's minds ; but before God the thoaghts all lie 
open, and perverse inclinations, however concealed 
from men, are as abominable in bis sight as if they 
hud broken out into the most atrocious actions Men 
BUifer themselves to be dazzled by false appearances; 
but God has respect to the real dispositions of 
every spirit, according as they are virtuous or 
vicious, independently of the actions which flow 
from them. 

The Holy Scriptures contain to (his purpose the 
most poiiited declarations, and inform us that he 
who meditates only the destruction of his neighbour, 
suffering himself to be hurried away by a spirit of 
hatred, is as criminal in the sight or God as the ac- 
tual murderer ; and that he who indulges a covetous 
desire of another's property is, in His estimation, as 
nmch a thief as he who really steals. 

in this mpect. therefore, the govenmwnt of God 
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over spirits, or rational beings, is infinitely diflSsreitt 
from tnat which men exercise over men like them« 
selves; and we greatly err if we imagine that a 
government which appears the best in the e^es of 
men is reHlly so in the judgment of God. This is a 
reflection of which we ougnt never to lose ai^ii. 
14th March, 1761. 



LETTER CXI. 
0/ Moral and Pkysicai EvU. 

Whbn a complaint is made of the evils which pfe« 
vail in the world, a distribution of them into two 
classes takes place,-— moroi ewU snd physical etnls* 
The class of moral evils contains the perverse or 
vicious inclinations, the dispositions of spirits to 
what is evil or criminal, which is undoubtedly the 
most grievous calamity and the greatest imperfec- 
tion which can etlsi. 

In truth, with regard to spirits, it is impossible to 
conceive a more deplorable irregularity than when 
they deviate from the eternal laws of virtue, and 
abandon themselves to the commission of vice. 
Virtue is the only means of rendering a spirit happy ; 
to bestow felicity on a vicious spirit is be3rond the 
power of God himself. Every spirit addicted to 
vice is necessarily miserable, and unless it return to 
virtue its miseiy caimot come to an end : such is the 
idea I form of demons, of wicked and infernal spirits 
— an idea which to me appears consonant to what 
Scripture suggests on the subject. 

Infidels make a jest of this ; but as men cannot 
pretend to be the best of all rational beings, neither 
can they boast of being the most wicked ; there are 
undoubtedly beings much more depraved than the 
most malignant of mankind, such as devils. But I 
have already made it appear that the exiatence of ao 
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many corropted men aiul apirite onglit not to form 
any objection against the perfection of this world, 
much leu be couHidered as an imputation of the Su- 
preme Beinr. 

A spirit, tTie devil not excepted, is always abein;. 



world, as far as it contains an infinite number of 
spirits, of all orders, is always a work of the highest 
perfection. Now, all spirits being essentially free, 
criminality was possible from the commencement 
of their existence, and could not be preTent«d even 
by the Divine Omnipotence. Besides, spirits are tha 
authors of the evils which necessarily result from 
sin, every free arent being always the only author 
of the evil which he commits ; and, consequently, 
these evils cannot be injputed to the Creator ; as, 
among men, the workman who makes the sword is 
not responsible for the mischief that is done with it. 
Thus, with respect to the moral evils which prevail 
in the world, the sovereign goodness of God is sat 
liciently justified. 

The other clasa, that ofphyiital evils, contains all 
the calamities and miseries to which men are ez- 
posod in IhtH world. It is admitted that most of 
these are a necessary consequence of the malice and 
other vicious propensities with which men as well 
aa other spirits are infected ; but as tliese conse- 
quences are communicated by means of bodies, it is 
asked. Why God should permit to wicked spirits the 
power of acting so efficaciously on bodies, and of 
employing them as instruments to execute their per- 
nicious purposes 1 A father who saw his son on 
the point of conimitting a murder would snatch the 
«word out of his hand, and prevent the perpetration 
of a crime so heinous. I have already observed, 
that this abandoned son is equally guilty before God, 

whether he has actuallj ' 

Mily made ineffiectud ei 

Vol.. I.— li 



actually accomplished his design.or 
Ctaak effut* to ezecnte it ; and tha 
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father, who prevented him, does not thereby render 
him better. 

We may nevertheless confidently maintain, that 
God does not permit a free course to the wicked- 
ness of man. Did nothing resist the execution of 
all the pernicious purposes of the human heart, how 
miserable should we be ! We frequently see that 
the wicked have great difficulties to encounter ; and 
though theyshoi3d succeed, they have no power 
over the consequences of their actions, which always 
depend on so many other circumstances that, in tne 
issue, they produce the directly opposite effect from 
what was intended. It cannot be denied, at the same 
time, that there may result from these calamities 
and miseries to torment mankind ; and it is imagined 
that the world would be infinitely better governed 
were God to interpose an effectual restraint to the 
wickedness and audacity of men. 

It would undoubtedly be very easy for God to 
crush to death a tyrant before he could realize his 
cruel and oppressive designs ; or to strike dumb an 
imjust judge who was going to pronounce an iniqui- 
tous sentence. We might then Uve quietly, and 
enjoy all the comforts of life, supposing God were 
to grant us the blessin(|[s of health, and all the good 
things we could wish for : our happiness would thus 
be perfect. On this plan they would have the world 

Sivemed, in order to render us all happy : the wicked 
sabled to perpetrate their criminal purposes,, and 
the good in possession of the peaceful enjoyment of 
all the blessings which they can desire. 

It is believed, and with good reason, that God 
wishes the happiness of men ; and it in matter of 
surprise that this world should be so different from 
the plan which is imagined the most proper for the 
attainment of this end. We rather see the wicked 
frequently enjoying, not only all the advantage of 
this life, but put in a condition to execute their ma* 
ohinations, to the confusion and distress of persons 
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of worth ! while the good are oppraseed and over- 
whelmed bj the most sensible evils, jMina, diseases, 
mortifications, loss o( goods, and, in ^ner^, by 
every species ol calamitv ; nnd that at last the good 
as well as the had must infallibly die, which appears 
to be the freateet of all evils. 

Looking on the world in this point of view.ODe is 
tempted to cnll in question the supreme wisdom and 
goodness of the Creator; but it is a hazard which 
we muHt take ^reat care to avoid. 
lli March, 1761. 



LETTER CXII. 
lleply to ComplaiaU of the Exutence of Phftical Evil. 

SnppoBiHo our existence limited to the present 
life, the possession of the good things of this world 
and the enjoyment of every delight would be very 
far trom filling up the measure of our hsppincsB. 
All are agreed, thai true felicity consists in mental 
iranquilUty and satisriiction, which are seldom if ever 
accompanied with that brilliancy of condition which 
is considered as such an inestimable blessing by 
those who jud^ only from appearances. 

The insufficiency of temporal good things to ren- 
der us happy become* still more manifest when we 
come to reflect on our real destination. Death does 
not piit a period to our existence, it rather transmits 
aa into another life, which ia to endure for ever. 
The faculties of our soul, and our attainments in 
knowledge, will then no doubt be carried to the high- 
est perfection ; and it is on this new state that our 
real happiness depends, and this state cannot be 
ha^y without vi ■ " 



cloud, shall then shine in the brightest lustre, i 
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shall becoBie the principal object of out cotrtemjdt- 
tion, admiration, and adoration. There, not oalf 
■hitll our underatandiDg lind the most inezhanstibto 
stores of pure and perfect knowledge, but wt^ sbBll 
be permitted to hope for admiasion into favour with 
the Supreme Being, »nd to Hspire aft«r the most en- 
dearing expressionfi of his love. How happy do 
we reckon the peculiar faTOuritea of a great pnnce, 
eHp«cially if he is really great, though the fa*oan 
which he bestows are marred by many infusions of ' 
bitterness '. What will it then be, in the life to come, 
when God himself shall i/ied ebroad hu loct in ew 
htartt — a love, the effects of which shall never be in- 
terrupted nor destroyed 1 This shall thencefonratd 
constitute a felicity inRnitely surpassing all that we 
can conceive. 

In order to participate in these inexpressible fa- 
vours, flowing from the love of the Supreme Being, 
it is natural that, on our part, we ahoold be pene- 
trated with sentimenls of the most livrly aflectioa 
to bim. This blessed union absolutely requiiea io 
UB a certain disposition, withouiwhicb we should be 
incapable of participating in it ; and this diapoeitiaa 
consists in virtue, the basis of which is the love of 
God, and that of our neighbour. The attntnmeBt 
of virtue, then, should be our chief, our only obi«ct 
in this life, where we exist but for this end — to me- 
pare for, and to render ourselves worthy of, partuiiif 
in supreme and eternal feUcity. 

In this point of view, we must form a judgment ot 
the events which befall us in this life. It is not tbe 
possession of the good things of this world that ren- 
ders us happy ; it is rather a situation which moal 
effectually conducts to virtue. If prosperity mtM 
tbe certain means of rendering us happy, we niiftit 
be suffered to complain of adversity ; but advernty 
may rather have the effect of confirming ouf virtue: 
and, in this view, all the complaints of men respect- 
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ing the physical eTils of life are likewise completely 
dtme away. 

You hsre no difficulty, then, in comprehending 
diat God had the most solid reasons for admitting 
ialo the world so many calamitiea and miseries, as 
the whole obviously contributes to our salration. It 
is unquestionably true that these calamities are, for 
the most part, natural consequences of human cor- 
ruption : but it is io this very thijig that we must 
prmcipally admire the wisdom of the Supreme Being, 
who knows how to ovemile the most vicious actions 
for oiH' finsl happiness. 

Many ^od people would not have reached such 
a sublimity of virtue, had they not been oppressed 
and tormented by cruelty and injustice. 

I have already remarked, that bad actions are 
anch only with regard to those who commit them ; 
the detenni nation of their soul alone is criminal, the 
action itself being a thing purely corporeal, inasmuch 
as, considered iodependenily of the person who com- 
mits it, there is nothing either good or evil in the 
case. A mason falling from the roof of a house 
nponaman as certainly kills bim as the most deter- 
mined assassin. The action is absolutely the same ; 
but the mason is not guilty in the slightest degree; 
whereas the assassin deserves the severest punish- 
ment. Thus, however criminal actions may De with 
regard to those who commit them, we must consider 
them in quite adiHerent light as they affect ouraelves, 
or produce an influence on our situation. 

We ought therefore to reflect, that nothing can 
befall us but what is perfectly consonant to the 
sovereign wisdom of God. The wicked may be 
guilty of injustice towards us, but we cannot upon 
the whole suffer from it : no one can ever injure us, 
though he may greatly hurt himself; and in every 
thing that comes to pass, we ought always to ac- 
knowledge God. as if it befell us immediately by 
hia eJEotua appointment. We may, moreover, teat 
119 
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atenred that it is not from caprice, or merely to yex 
us, that God disposes the events in which we are 
concerned, but that thev must infalliUy terminate in 
mir true happiness. Those who consider all events 
in this light will soon have the satisfaction of being 
convinc^ that God exercisee a peculiar care over 
them. 

2lst March, 1761. 



LETTER CXIII. 

The rM DesHntUian of Mum ; UsefidneMS and N§C€M^ 

8%ty of Adversity, 

I BOPS yon have no doubts remaining with respect 
to this great question, — ^How the evils of this wwld 
can be reconciled to the supreme wisdom and good- 
ness of the Creator? The solution of it is incoo- 
testably founded on the real destination of man, and 
of other intelligent beings, whose existence is not 
limited to this life. The moment that we lose sight 
of this important truth, we find ourselves involved 
in the greatest perplexity; and if man were created 
only for this lire, it would assuredly be impossible 
to establish a consistency between the perfections 
of God and the distresses and miseries with which 
this world is oppressed. Those miseries wouM be 
but too real; and it were absolutely impoesible to 
explain, how the prosperity of the wicked, and the 
misery of so many good people, could consist with 
the Divine justice. 

iBut no sooner do we reflect that this life is but 
the commencement of our existence, and that it is a 
preparation for one that shall endure eternally, than 
the face of things is entirely changed, and we are 
oUiged to form a very diflrerent judgment of the 
evils with which this life appears to be overspread. 
I have already remarked, that the prosperity whieh 
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we enjoy in ttba world is the reverse of a snitaUe 
prepvation for a future life, and for rendering ns 
worUiy of the felicity which there awaits us. How- 
ever important to our happiness the possessinn of 
the good thinga of this world may appear, this 
qoality pertains to them only in so far as they are 
impreesed with the signatures of Divine goodness, 
indqwndent of which no earthly possessions could 
constitute our felicity. 

Real bappioess is to be found only in God himseir; 
bU other delights are but an empty shade, and are 
capfible of yielding only » momentary satisfaction. 
Accordingly we see that those who enjoy them in 
the greatest abundance are quickly satialcd; and 
this apparent felicity serves only to inflame their 
desires ai>d to disorder their passions, by estranging 
them from die Supreme Good, instead of brining 
them nearer to Him. But true felicity consists in 
• perfect union with God, which cannot subeist 
without a love and a confidence in his goodness 
transcending all thing*; and this love requires a 
certain disposition of soul, for which we must be 
(Baking preparation in this life. 

This disposition is virtue, the foundation of which 
is contained in these two great precepts : 

Thou Mhail loot th* Lord lAi/ GoJ uilA aU My Ae«rf, 
wil/i all thy Moul, with all thy ttrenglh, and tnlk M 
thy mind ; 
and the other, which is like unto it : 

Thtm ihall love thy nei^hbimr at thytrlf. 

Every other disposition of soul which deviates 
ttom these two precepts is vicious, and alisolutely 
unworthy to parinke of true happiness. It is as im- 
possible for a vicioos man to enjoy huppinesa in the 
Hfe to come, as foradeaf man to relish the pleasure 
•f ■■ exquisite piece of musk. He must be for 
ever exdwled from it, not by an arbitrary docreeot 
Ood, but by tbe vexy nature at the thing; a vioioaa 
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man not being, from his own nature, susceptible of 
supreme felicity. 

If we consider the order and economy of the 
world in this point of view, nothing can be more 
perfectly disposed for the attainment of this great 
end. Ail events, the calamities themselves which 
we undergo, are the most suitable means for con- 
ducting us to true happiness ; and in this respect it 
may be with truth affirmed, that this is indeed the 
best world possible, as every thing in it concurs to 
promote our eternal salvation. When I reflect that 
nothing befalls me by chance ; but that every event 
is directed by Providence, in the view of rendering 
me truly and everlastingly happy, how ought this 
consideration to raise my thoughts to God, and to 
replenish my soul with the purest affection. 

But however efficacious these means may be in 
themselves, they exercise no force upon our minds, 
to which liberty is so essential that no degree of 
constraint can possibly take place. Experience, ac- 
cordingly, frequently demonstrates, that our attach- 
ment to the objects of sense renders us too vicious 
to listen to these salutary admonitions. Abuse of 
the means which would have improved our virtue 
plunges us deeper and deeper into vice, and hurries 
us aside from the only path that leads us to hap- 
piness. 

24th March, 1761. 



LETTER CXIV. 

€tf true Happiness, Conversion of Sinners. Repif 
to Objections on the Subject, 

The holy life of the apostles, and of the other 
primitive Christians, appears to me an irresistible 

Eroof of the truth of the Christian religion. If true 
appiness consists in union with the Supreme Being, 
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vhtch it is impossible far a moment to donbt, the 
enjoyment or thia happiness necessarily requires, on 
our part, a certain dlisposition, founded on supreme 
lore to God, and the most perfect charity towards 
our neighbour: bo that )iU those who are destitute 
of this disposition destroy their own pretensions to 
celestial felicity; and wicKed men are from their 
very neture necessarily excluded from it, it being 
impossible for God himself to render them happy. 
For the Divine Omnipotence extends only to things 
which are in their nature possible, and linert^ is so 
essential to spirits that no degree of constramt can 
take place with respect to them. 

It IS only bv motives, therefore, that spirits can 
be determined to that which is good; now, what 
motives could be proposed Co the apostles and other 
disciples of Jesus Christ, to embrace a virtuous life, 
more powerful than the instructions of their divine 
Master, hts miracles, his suffering, his death and 
resurrection, of which they were witnesses. All 
these striking events, united to a doctrine the most 
sublime, must have excited in their hearts the most 
fervent love and the most profound veneration for 
God, whom they could not but consider and adore 
BB at once their heavenly Father and the absolute 
Lord of the whole universe. These lively impres- 
sioni must necessarily hare stifled in their breasts 
every vicious propensity, and have conflnned them 
more and more in the practice of virtue. 

This salutary effect on the minds of the apostles 
has nothing in it of itself mimculous, or which en- 
croaches in the anialleat degree on their liberty, 
though the events be supern-iilural. The great re- 
4)uiBite was simply a heart docile and uncoirupted by 
vice and passion. The mission, then, of Jesus Christ 
into the world produced iu the minds of the apos- 
tles this disposition, so necessary to the attainment 
and the enjoyment of supreme happiness j and that 
■niuion still supplies the same motivea to pursue Uie 
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same end. We have only to read attentively, and 
without prejudice, the history of it, and seriously to 
meditate on all the events. 

I confine myself to the salutary effects of our 
Saviour^s mission, without presuming to dive into 
the mysteries of the work of our redemption, which 
infinitely transcend the powers of human understand- 
ing. I only remark, that these effects, of the truth 
of which we are convinced by experience, could not 
be produced by illusion, or human imposture ; they 
are too salutary not to be divine. They are likewise 
perfectly in harmony with the incontestable princi- 
ples which we have laid down, that spirits can be 
governed only by motives. 

Theologians have maintained, and some still main- 
tain, that conversion is the immediate operation of 
God, without any co-operation on the part of man. 
They imagine, that an act of the Divine Will is 
sufiicient to transform in an instant the greatest 
miscreant into a virtuous man. These good men 
may mean extremely well, and consider themselves 
as thus exalting the Divine Omnipotence ; but this 
sentiment seems to me inconsistent with the justice 
and goodness of God, even though it were not sub- 
versive of human liberty. How, it will with reason 
be said, if a simple exertion of the Divine Omnipo- 
tence is sufficient for the instantaneous conversion 
of every sinner, can it be possible that the decree 
should not actually pass, rather than leave so many 
thousands to perish, or employ the work of redemp- 
tion, by which a part only of mankind is saveat 
I acknowledge that this objection appears to me 
much more formidable than all those which infi- 
delity raises against our holy religion, and which 
are founded entirely in ignorance of the true desti- 
nation of man ; but, blessed be God, it can have no 
place in the system which I have taken the liberty 
to propose. 

Some divines will perhaps accuse me of heresy, 
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u if I were raaiotaining that th« powei of man is 
sufficient for hie conversion; but this (cproach af- 
fects me not, as I am conscious of intending to place 
the goodness of God in its clearest light. In the 
work of conveniion, man makes perfect use of his 
liberty, which is unsusceptible of constraint ; but 
man is always determined by motives. Now these 
motives are sugeested by the circumstances and 
^onjanctares of his condition. They depend en- 
tirely on Divine Providence, which regulates all 
events conformably to the laws of sovereign wis- 
dom. It is God, therefore, who places men every 
instant in circumstances the most favourable, and 
from which they maj derive motives the most pow- 
erful to produce their conversion ; so that men are 
always indebted to God for the means which promote 
their salvation. 

I have already remarked, that however wicked 
the actions of men may be, they have no power over 
their consequences, and that God, when he created 
the world, arrani^ed the course of all events so that 
every man should be every instant placed in circum- 
stances to him the most salutary. Happy the man 
who has wisdom to turn them to ^ood account '. 

This conviction must operate m us the hHppiest 
effects; unbounded love to God. with a firm reliance 
on his providence, and the purest charily towards 
our neighbour. This idea or the Supreme Being, as 
exalted as it is consolatory, ought to replenish our 
hearts with virtue the most sublime, and effectually 
prepare us for the enjoyment of life eternal. 

SeM March, 1761. 
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LETTER CXV. 

The true F&tindaii&n of Human Knowledge, Sources 
of TnUhj and Classes of Ir^ormation donoedfrom it. 

Hatimci taken the liberty to lay before you my 
ojMnion respecting the most important article of hu-^ 
man knowledge, I flatter myself it will be sufficient ' 
to dissipate the doubts which naturally arise out of 
the subject, from want of exact ideas of the liberty 
of spirits. 

I shall now have the honour of submitting to your 
consideration the true foundation of aU our know- 
ledge, and the means we have of being assured of 
the truth and certainty of what we know. We are 
very far from beinff always certain of the truth of all 
our sentiments ; un we are but too frequently daz- 
zled by appearances, sometimes exceedmgly slight, 
and whose falsehood we afterward discover. As 
we are therefore continually in danger of deceiving 
ourselves, a reasonable man is bound to use every 
effort to avoid error, though he may not always be 
so happy as to succeed. 

The thinff to be here chiefly considered is the 
solidity of the proofs on which we found our per> 
suasion of any truth whatever ; and it is absolutely 
necessary that we should be in a condition to judge 
if they are sufllcient to convince us or not. For this 
effect I remark, first, that all truths within our reach 
are referable to three claisses, essentially distin- 
guished from each other. 

The first contains the truths of the senses ; the 
second, those of the underst-andiiig ; and the third, 
those of belief. Each of these classes requires 
peculiar proofs of the truths included in it, and in 
these three classes all human knowledge is conf* 
prehended. 




1 the 

'Senaes, and are thus expressed ; 

TMt is true, for I Main it, or nrn cimvuietd of tt 'by 
IM evidence of my lentei. 

It is thuH I knovr that th« magnet attracts iron, 

because I see it, and experience furnishes me with 

incontestable proors of the fact. Truths of this class 

.are called letaitU, because they are founded on the 

• senies, or on experience. 

Proofs of the second class are founded on ratioci 

Thi* is Irut, for I am able to dtmaiutrate it on prin- 
.dpUs of jutl Ttoioning, or by fair tyliogimu. 

To tnis. class principally logic ih to be referred, 
•which prescribesruleB for reasoning consequentially. 
It is thus we know that the three angles of a recti- 
lineal triangle are togpether equal to two right angles. 
In this case I do not say I see it, or that my senses 
' convince me of it ; but !■ am assured of its truth by 
a process of reasoning. Truths or this class are 
<!alled ititellectual ; and here we must rank all the 
truths of geometry, and of the other sciences, inas- 
mnch aa they are supported by demonstration. Yon 
must be sensible that such truths are wholly differ- 
ent from those ofthe first class, in support of which 
we adduce no other proofs but the senses, or expe- 
rience, which assure us that the fact is so, though 
we may not know the cause of it. In the examde 
of the magnet, we do not know how the attraction 
of the iron is a necessary effect of the nature of the 
matniet and of iron ; but we are not the less con- 
vinced of the truth of the fact. Truths of the firet 
class are as certain as those of the second, though 
the proofs which we have of them are entirely 
different. 

I proceed lo the third class of truths, that of faith, 
which we believe because persons worthy of credit 
relate them ; or when we say: 
Vol. I.— K k 
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TRm >*|^H^, /or Mtoeral creditable pertoiu Anw «f 

Thii class accordingly includes all kUtorical tnUht. 
You believe, no doubtt that there was fonnerljr & 
king or Macedon called Alexander the Great, who 
jnude himself master of the kingdom of Perei*, 
though you never saw him, and are unable to demon- 
Btrate geometrically that such a person ever existed. 
But we believe it on the authority of the auUiors I 
who have written hia history, and we entertain no 
doubt of their fidelity. But may it not be possible 
that these authors have concerted to deceive us % 
< We have Kvery reason to reject such an insinuation ; 
and we are as much convinced of the truth «'' these 
facts, at least of a great part of them, as of truths 
of the first and second classes. 

The proofs of these three classes of truths are 
extremely different; but if they are solid, each in 
its kind, they must equally produce conviction. Yon ' 
cannot possibly doubt that Russians and Austriana 
have been at Berlin, though you did not see them: 
this, then, is to you a truth of the third class, as 
you believe it on the reportof others ; but to me it 
IS one of the tirat class, because I saw them,- and 
conversed with them ; and many others were as- 
sured of their presence by means of iheir senses. 
You have, neperthelesa, as complete conviction of 
the fact as we have. 
2Ut March, 1761. 
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